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APPAIUTOSINCLUDINGAWEUBOIffiANDWELLBORECASING 



This invention relates generally to apparatus including a wellbore and 
casings, and in particular to wellbore casings that are formed using expandable 
tubing. 

COnventtonally, when a wellbore created, a number of casings are 

■nstaBed to the l»rel»le to pre«rt coBapse of the borehole wan and to prevent 
undesired outflow of driUtag fluid tato the fonnadon or inflow of fluid ftom the 
fonnalton Into the borehole. n» borehole is drilled in intends whereby a 
castas Which is to be taslalled In a lower borehole Inte^al is lowered though a 
prevlouslyinstalled casing of an upperborehoieinte^l As a consequence of 
thts procedure the castog of the lower inten«l is of smaller .Bameter than the 
casing of the upper interval. the castog. are to a nested amu«en»„t wl«, 
castas diameters decreastog to downward directloa Cement annuB are 

previded between U» outer surfaces Of the castogs and the borehole wan to 
s«I the castogs torn the borehole wafl. As a consequence of this nested 

anangememaretotlvely large borehole diameter is required at the upper part 
oflhewellbore. Such a la^e borehole diameter involves tocreased costs due 
to heavy castog handltag equipment. lan,e drill bits and tacreased votomes of 
dnlltag fluid and drincutflngs. Moreover, tacreased drilltag rig tto,e Is tavolved 
due to required cement pumptag. cement hardertng. required equipment 
Changes due to la^ge variations ta hole diameters drilled to the course of B» 
well, and the laige volume of cutttogs drilled and removed. 

T^'»«««'nw««onisdlrecledtoo,eicomtagoneormoreofU» 
limitations of the existing 



procedures for forming new sections of casing in a 
wellbore. 



Summary of the Invention 

According to one aspect of the present invention, 
there is provided an apparatus comprising: a wellbore; 
a first wellbore casing coupled to the wellbore; a 
second wellbore casing coupled to the wellbore and 
overlapping with the first wellbore casing; and a tie- 
back liner coupled to the first and second wellbore 
casings and overlapping with the first and second 
wellbore casings; wherein the tie-back liner is coupled 
to the first and second wellbore casings by the process 
of: extruding at least a portion of the tie-back liner 
off of a mandrel. 

According to another aspect of the present 
invention, there is provided an apparatus comprising: a 
wellbore; a first wellbore casing coupled to the 
wellbore; a second wellbore casing coupled to the 
wellbore and overlapping with the first wellbore 
casing; and a tie-back liner coupled to the first and 
second wellbore casings and overlapping with the first 
and second wellbore casings; wherein the tie-back liner 
is coupled to the first and second wellbore casings by 
the process of: radially expanding at least a portion 
of the tie-back liner within the wellbore. 

Brief D escription of the Drawings 

Fig. 1 is a fragmentary cross -sectional view 
illustrating the drilling of a new section of a well 
borehole. 

Fig. 2 is a fragmentary cross-sectional view 
illustrating the placement of an embodiment of an 
apparatus for creating a casing within the new section 
of the well borehole. 



FIG. 3 Is a ftagmentaiy cross-sectional view illustrating the injection of a 
first quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG, 3a is another fragmentaiy cross-sectional view iUustratlng the 
injection of a first quantity of a hardenable fluidic sealing material into tiie new 
section of the well borehole. 

FIG. 4 is a ftagmentaiy cross-sectional view Uhistiating the injection of a 
second quantity of a haidenable fluidic sealing material into tfie new section of 
the well borehole. 

FIG. 5 is a ftagmentaiy cross-sectional view illustrating the drilling out of 
a portion of ttie cured hardenable fluidic seaUng material ftom tiie new section 
of the v^U borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overiapping 
joint between adjacent tubular members. 

Fia 7 is a ftagmentaiy cross-sectional view of the apparatus for creating 
a casing within a weU borehole. 

Fia 8 is a ftagmentary cross-sectional illustration of the placement of an 
expanded tubular member wiOiin anotfier tubular member. 

FIG. 9 is a cross-sectional iUustration of a preferred embodiment of an 
apparatus for fomning a casing including a drillable mandrel and shoe. 

FIG. 9a is anottier cross-sectional illustration of the apparatus of FIG. 9. 

RG. 9b is anotiier ooss-sectional illustiBtion of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectfonal IHustFation of the apparatus of FIG. 9. 



FIG. 10a is a cross-sectional illustration of a wellbore including a pair of 
adjacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back Uner using an expandible tubular member. 
5 FIG. 10c is a cross-sectional illustration of the pumping of a fluidic seaUng 

material into Uie annular region between the tubular member and the existing 
casing. 

FIG. 1 Od is a cross-sectional lUustiBtion of Uie pressurizing of the interior of 
the tubular member below the mandrel. 

10 FIG. lOe is a cross-sectional illusdation of the extnision of the tubular 

member off of the mandrel. 

FIG. lOf is a cross-sectional illustration of the tie-back liner before driOing 
out the shoe and packer. 

FIG. lOg is a cross-sectional lUustration of the completed tie-back Uner 
1 5 created using an expandible tubular member. 

FIG. I la is a fragmentary cross-sectional view illustrating the drilling of a 
new section of a well borehole. 

FIG. 1 1 b is a fragmentaiy cross-sectional view iUustrating the placement of 
an embodiment of an apparatus for hanging a tubular liner within the new section 
20 of the well borehole. 

FIG. 1 Ic is a fiagmentaiy cross-sectional view illustrating tiie injection of a 
first quantity of a haidenable fluidic sealing material into the new section of the 
well borehole. 

HG. 1 Id is a fiagmentaiy cross-sectional view illustrating the introduction 
25 of a wiper dart into the new section of the well borehole. 

FIG. 1 le is a fragmentaiy cross-sectional view illustrating the injection of a 

second quantity ofahardenable fluidic seafing material into thenewsectionoflhe 
well borehole. 

FIG. 1 If is a fiagmentaiy cross-sectional view iDustiating the completion of 
30 the tubular liner. 
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Detailed Description of the lUustrative Embodiments 
An apparatus and method for forming a wellbore casing within a 
subtenanean fonnation Is provided. The apparatus and method pemiits a 
wellbore casing to be formed in a subtenanean fomnaUon by placing a tubular 
5 member and a mandrel in a new secUon of a wellbore, and then extmding the 
tubular member off of the mandrel by pressurizing an interior portion of the tubular 
member. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overiapping joint that prevents fluid and or 
gas passage. The apparatus and method further pennits a new tubular member 
10 to be supported by an existing tubular member by expanding the new tubular 
member into engagement v^th the existing tubular member. The apparatus and 
method further minimizes the reduction in the hole size of the wellbore casing 
necessitated by the addition of new sections of wellbore casing. 

An apparatus and method for fonning a tie-back Uner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extmding a tubular member offof a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and metfiod ftirther pennits adjacent tubular members 
in the wellbore to be joined using an overiapping joint that prevents fluid and/or 
20 gas passage. The apparatus and metiiod further permite a new tubular member 
to be supported by an existing tubular member by expanding tfie new hibular 
member into engagement witii ttie existirjg tubular member. 

An apparatus and method for expanding a tubular member is also provided 
ttiat includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, tfie interior portions of tfie apparatus Is composed of materials that 
permit tiie interior portions to be removed using a conventional drilling apparatus. 
In tills manner, in tiie event of a malfunction in a downhole region, ttie apparatus 
may be easily removed. 

An apparatus and mettiod for hanging an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and meUiod permit a tubular liner to be 
attached to an existing section of casing. The apparatus and metiiod further have 
appBcation to tfie joining of tubular members in general. 
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^ Referringinitially to Rgs. 1^, an embo^nt of an apparatus akd method 

for forming a wellbore casing within a subterranean formation wiU now be 
described. As iUustrated in Pig. 1, a weUbore 100 is positioned in a subterranean 
formation 105. The wellbore 100 includes an easting cased section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105. 

a driU string 125 is used in a weU Imown manner to driU out material from the 
subterranean formation 106 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 
10 asubterraneanformationisthenpositionedinthenewsectionlSOofthewellbore 
100. The apparatus200preferabbrinchide8an expandable mandrel orpig 205. a 
tubular member 210, a shoe 215, a lower cup seal 220, an upper cup seal 225. a 
fluid passage 230. a fluid passage 236, a fluid passage 240. seals 245. and a suppcirt 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member 250. The expandable mandrel 205 is preferably adiqited to oontaoUably 
ejgiand in a radial direction. The ej^wndable mandrel 206 may comprise any 
number of conventional commercial^ available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 e^odiment.theexpandablemandrel205comprise8ahydraulicexpansiontoolas 
disclosed in U.S. Patent No. 6,348.096, the contente of which are incoiporated 
herein hy reference, modified in accordance with the teachings of the present 
disclosure. 

Thetubularmember210is8upportedbytheexpandablemandrel205. The 
25 tubular member 210 is expanded in the radial direction and extruded off of the 
expandable mandrel 205. The tubular member 210 may be febricated from any 
number of conventional commercial^ available materials such as, for example. 
Oilfield Country Tubular Goods (OCTG). 13 chromium steel tubing/casing, or 
plastic tubing^caaing. In a preferred embodiment, the tubular member 210 is 

30 «W>ricatedfrom(X3TGinordertomaximizeBtrengthafterej5«nsion. Theinner 
and outer diameters of the tubular member 210 may range, for example, from 
approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 121.92 cms 
(1 .05 to 48 inches), reqjectively. Li a prefened 



embodiment, the inner and outer diameters of the tubular member 210 range from 
about 7.62 to 39.37 cms (3 to 15.5 Inches) and 8.89 to 40.64 cms (3.5 to 16 inches), 
respecth«ly in order to optimally provide minimal telescoping effect In the most 
commonly driUed wellbore sizes. The tubular member 210 preferably comprises a 
solid member. 

In a prefeired embodiment, the end portion 260 of the tubular member 210 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 205 
when it completes the extrusion of tubular member 2 10. In a prefened embodiment, 
the length of the tubular member 210 is limited to minimize the possibility of buckling. 
For typical tubular member 210 materials, the length of the tubular member 210 is 
preferably limited to between about 12.192 to 6.096m (40 to 20.000 feet) In length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. TTie shoe 215 may 
comprise any number of conventional commercially available shoes such as, 
for example, Super Seal II float shoe, Super Seal II Down-Jet float shoe or a 
guide shoe with a sealing sleeve for a latch down plug modified in accordance 
with the teachings of the present disclosure. In a preferred embodiment, the 
shoe 215 comprises an aluminum down-jet guide shoe with a sealing sleeve for 
a latch-down plug available from Halliburton Eneigy Services in Dallas, TX, 
modified In accordance with the teachings of the present disclosure, In order to 
optimally guide the tubular member 210 in the wellbore. optimally provide an 
adequate seal between the interior and exterior diameters of the overiapping 
joint between the tubular members, and to optimally allow the complete driD 
out of the shoe and plug after the completion of the cementing and expansion 
operations. 

In a prefeired embodiment, the shoe 215 includes one or more through 
and side ouUet ports in fluidic communication with the fluid passage 240. In 
this manner, the shoe 215 optimally injects hardenable fluidic sealing material 
into the region outside the shoe 2 15 and tubular member 210. In a prefeired 
embodiment, the shoe 215 Includes the fluid passage 240 having an inlet 
geometiythatcanreceh^adartand/oraball sealing member. In this manner, 
the fluid passage 240 can be optimally sealed off by introducing a phig, dart 
and/br ball sealing elements into the fluid passage 230. 
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^ The lower cup seal 220 is coupled to ancT supported by tiie slippi)k member 

260. The lower cup seal 220 prevents foreign materials from entering the interior 
region of the tubular member 210 a4jacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the lower cap seal 220 comprises a SIP cup seal, available 
fromHalliburtonEnerHrServicesinDallas, TXm order to optimally blodcforeign 
material and contain a body of lubricant. 

10 The upper cup seal 226 is coupled to and supported by the support member 

250. Theuppercup8eal226preventeforeignmaterialsfromenteringtheinterior 
region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conventional commercial^ available cup seals such as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 
15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup, available fiwm Halliburton Energy Services hi Dallas, TX in order to optimally 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permite fluidic materials to be transported to and 
fiwm the interior region of the tubular member210below the oqwndable mandrel 
20 205. The fluid passage 230 is coupled to and poationed within the support 

member 250 and the expandable mandrel 205. The fluid passage 230 preferably 
extends from aposition ae^acent to the sur&ce to the bottom of the expandable 

inandrel206. The fluid passage 230 is preferably positioned along a centerlme of 
the apparatus 200. 

26 

The fluid passage 230 is preferably selected, in flie casing nmning mode of opeiBtion. to 
transport materials such as drilling mud or formation fluids at flow rates and pressures ranging 
from about 0 to 1 1356.2355 litresAninute (0 to 3,000 gaUons/kninute) and 0 to 620.52813 bar (0 
to 9,000 psi) in order to minimize drag on the tubular member being run and to minimize surge 
pressures exerted on the wellbore which could cause a loss of weUbrae fluids and lead to hole 
collapse. 
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The fluid passage 235 permite fluidic materials to be released from the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 



new action 130 of the weUbce 100. a^^^^-^^-^^ 
pass^230canbere.e»edint,theweUb.„100«bovett„^^ 
_ *^"'^"»-™^s»^pre«„«5ontheweBbore.ectto Thefluidp,^ 
235 « coupled h, and positioned within the support member 250. The3 
6 I»«»««ei»aitherfluidiebr coupled to the fluid passege 230. 

lie fluid peeeege 236 preferably inch.des a control valve for controlU*- 
^«dclo.in,thefluidpa.ea^2S6. m a preferred enOxKiimen, the ».tj 
v.l™«p,e«u«activ..edinor*rtocontroll.h,yu^.„^p,^ ^ 

^'-^^'-P^fe-.blyp.aitionedaubstm.ti.U-orthog^^tothe^^^^ 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging fiom about 0 to 11356.2355 litres/minute (0 to 3 000 
gaIlons^nnute) and 0 to 620.52813 bar (0 to 9.000 psi) in order to reduce the drag on the 
apparatus 200 during insertion into the new section 130 of the weUbore 100 and to 
25 mininuze surge pressures on the new wellbore section 130. 

The fluid passage 240 pennits fluidic material, to be .ra^ported to «,d 
<h.m the region e^rior to the tubular member 210 m«, shoe 215. rte fluid 

_ ^ 240 is coupled to and petitioned Within the shoe 216 iTfl^ 

20 "r"™ '^^"^ of the tubutar member 210 bebw the 

20 e:=pandd,le m«.drel 206. The fluid passage 240 nrefenAlv h.. 

^.^epern.tsap.ug.orother-zr;:::itzz:r 

fl^lTt^ »»*er 210 hew the «,pandah.e mandrel 206 can be 

26 ^~»^nofthetubularmember210belowthee^emanll206 
^^»u^. '^efluidpassage240isp.^enU.,yp,^tionedsubsta„tiai 
along^hecenterlineofthe apparatus 200. 

T*e fluid passage 240 is preferably selected to convey material, such as 
"""'■'taltogmudorcpoxiesa.flowrateaidprcs.ure.rfflgingftomAoutOu, 
1 1356.2355 liUe^mi„u,e (0 to 3.00Og.llo„.Aain„B) «ld 0 to *20.52813 b«(0 to 9 000 

. P"""°"'"'ooptoaUyfiUa„aanala,„gio„b«^4.^^^„ 



^ includes an inlet geometry that can receive a'dak and/or a'ball ULliAg member. 
In this manner, the fluid passage 240 caA be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 246 are coupled to and supported by an end portion 260 of the 
5 tubularmember210. The seals 246 are furtiier positioned on an outer surface 266 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 116 and the portion 
260ofthetubularmember210tobefluidiclysealed. The seals 245 may comprise 
any number of conventional commerdally available seals such as. for example, 
10 lead, nibber, Teflon™, or epoxy seals modified in accordance with the teachings of 
thepresentdisdosure. In a preferred embodiment, the seals 245 are molded from 
StratalockqxsyavailablefromHalliburtonEnergy Services inDal^^ 

to optimaUy provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 

15 In a preferred embodiment, the seals 246 are selected to optimally provide 

a sufficient ftictional force to support the expanded tubular member 210 from the 

existing casing 116. In a preferred embodiment, the frictional force optimaUy 

provided by the seals 245 ranges from about 68.94757 to 68,947.57 bar (1.000 to 

1.000,000 Ibf) in order to optimaUy siq,port the expanded tabular member 210. 

20 'n»supportmember260i8coupledtotheexpandablemandrel205,tubular 
member 210. shoe 215. and seals 220 and 226, The support member 260 
preferably covaprisea an annular member having suflSdent strength to cany the 
apparatus 200 into the new 8ectionl30 of the weUbore 100. In a preferred 
embodiment, the 8iq>port member 250 further includes one or more conventional 
26 centralizers (not illustrated) to help stabilize the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 276 is provided in the 
annular region above the expandable mandrel 206 within the interior of the 
tubularmember210. In this manner, the extrusion ofthe tubular member 210 off 
ofthe«q>andablemandrel205i8fecilitated. The lubricant 275 may comprise any 
30 number of conventional commercially available lubricante such as, for example, 
Lubriplate™, chlorine based lubricants, oil based lubricants or Climax 1500 Antisieze 
(3100). In a preferred embodiment, the lubricant 275 comprises CJlimax 1500 
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^ Antide2e(3100)availablefit)mClimaxLubri«iitsim^ 

TX in order to optimally provide optimum lubrication to fadliate the expansion 
^ process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 

minimizes thepossibilityofforeign material cloggingthevariouflflowpassages and 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the wellbore 100, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 tiiat might clog up the various flow passages and valves of the 
appaiatiis 200 and to ensure tiiat no foreign material interferes with the expansion 
process. 

15 ■Asilhi8tiatedmFig.3,thefluidpassage235isthenclosedandahardenable 
fluidic sealing material 305 is then pumped from a surface location into the fluid 
pa8sagB230. The material 305 then passes from the fluid passage 230 into the 

— interior region 310 of ttie tubular member 210 below the expandable mandrel 206. 
The material 306 then passes from the interior region 310 into the fluid passage 

20 240. The material 306 then exits the i^paratus 200 and fills the annular region 
316 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of tiie annular region 316. 
The material 305 is preferably pumped into the annular region 3 15 at pressures 

25 and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 
to 5,678. 1 177 litres/minute (0 to 1,500 gallons/min), respectively. The optimum flow 
rate and operating pressures vary as a function of the casing and wellbore sizes, wellbore 
section length, available pumping equipment, and fluid propraties of the fluidic matraial 
being pumped. The optimum flow rate and opiating pressure are pref»ably detennined 
using conventional empirical methods. 

30 

The hardaiable fluidic sealing material 305 may comprise any number of 
conventional commCTciaUy available hardenable fluidic sealing materials such as, 



II 



«« t«« •••• 

( for example, slag mix, cement or epoxy. In a prefe^d' embodiment the 

ha«lenable fluids sealing material 305 comprises a blended cement prepared 
speciflcally for the particular well secUon being driUed from Halliburton Enenry 
Sendees in Dallas. TX in order to provide opUmal suppori for tubular member 210 
wh,le also maintaining optimum How chamcterisdcs so as to minimize difflculttes 

dunngthedUplacememofcementintheannular«gio„3I5.-meop.imumblend 
of the blended cement Is preferably detemiined using conventional empirical 
methods. 

■me annular region 31 5 preferably is flUed with the material 305 in sufficient 
qua„Uties.oensurethat.upon,adialexpansionof,helubularmember2I0 me 

annular region 3I5of the new section 130ofU,ewellbore 100 wlB be filled with 
material 305. 

In a particulariy prefened embodimeni, as illustrated in Fig. 3a. the wall 
>hK:kness and/or the outer diameter of the tubularmember 210 is reduced In the 
IS region adiacem to the mandrel 205 in order opUmally pemiit placement of the 
appaia.us200inposiUonsinthewellborewith tight Clearances. Fu.them,ore In 
*ls manner, the inltiadon of the radial expansion of the tubular member 210 
<lunng the extrusion process is opUmally facilitated. 

*"^'™"<"""S- annular region 315 has been adequately 
20 filled With material 305, a plug 405, or other similar device. Is introduced into the 

nu,dpassage240therebylluidiclyisolatlngtheinteriorregion3I0lh>mU,eannular 
region 31 5. In a preferred embodiment, a non-haidenable fiuldlc material 306 is 
>hen pumped into the interior region 310 causi,^ the interior region to pressurize 
in this manner, tt,e Interior of the expanded tubular member 21 0 will not contain 
25 s«niflca„tamou„uofcuredmaterial305. This reduces and simplifies the cost of 
the entire process. Altemalively, the material 305 may be used during this phase 
of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 

member210is extruded off of the expandable mandrel 205. During theextnision 
30 process, the expandable mandrel 205 may be raised out of the expanded portion 
of the tubular member 210. In a preferred embodiment, during the extnision 
process, the mandrel 205 is raised at approximately the same rate as the tubular 



^ member 210 is expanded in order to keep tfi^'tafcular m^beriio'kationaiy 
relative to the new weUbore section 130. In an alternative preferred embodiment 

theertnisionprocessiscomaencedwiththetubuiarmember210positionedabove' 
the bottom of the new weUbore section 130. keeping the mandrel 206 stationary 
5 and allowing the tubular member 210 to extrude oflf of the mandrel 205 and fall' 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a suifece location in a conventional 
manner. The plug 405 preferabty acts to fluididy isolate the hardenable fluidic 
10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 

availabledevicesl«,mpluggingafluidpassagesuchas.fore«mple.MultipleStege 
Cementer (MSG) lateh^own plug, Om^ latehniown plug or three-wiper latoh- 

downplugmodifiedinaocordancewiththeteachingsofthepresentdisclosure In 

16 »P'efeiTedembodiment.theplug405comprisesaMSCkteh.downplugava^^ 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 406 in the fluid passage 240, a non hardenable 

fl«i'"c^terial306ispreferablypumpedintotheinterioriegion310atp«8sures 
and flow rates nmging. for example, from approximately 27.579028 to 689 4757 bar r400 

.0-10.000psi)andn3.5623toI5I4I.64731it.s/minute(30to4.000ga„o^^^ 
^ n^er. the amount of hardenable fluidic sealing 

ltf"rt7'''^~^' ^*P-^-«^-^-t,afterplacementofthe 

Plug405mtheflu.dpassage240.thenonhardenablematerial306ispn,f^^^ 

mto fte mtenor region 3 1 0 at pressun^s and flow rates ranging fo^ 

25 to 3.000 gallons/mm) in order to maximize the extmsion speed 

In a preferred embodiment, the apparatus 200 is adapted to minunize 
tensile, burst, and fiiction effecte upon the tubular member 210 during the 
^cpansion process. These effecte win be depend upon the geometry of the 
expansion mandrel 206. the material composition of the tubular member 210 and 

30 e^onmandrel206.theinnerdiameterofthetubularmember210.thewall 
thickness of the tubular member 210. the type of lubricant, and the yield strength 
jfthetubularmember210. In general, the thicker the waU thickness, the smaller 
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^ the inner diameter, and the greater the yield ^vith of the tubuli m^r 210, 
then the greater the operating pressures 'required to extrude the tubular member 
210 offof the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 
6 off of the expandable mandrel will begin when the pressure of the mterior region 
310 reaches, for example, approximately 34.472 to 620.528 bar (500 to 9.000 psi). 

During the extrusion process, the expandable mandrel 206 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, fromabout 0 to 5 ft/sec. In apieferred embodiment, during the extrusion 
10 process, the expandable mandrel 206 is raised out of the expanded portion of the 
tubular member 210 at rates ranging &om about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to 
minimize the time required for the expansion process while also permitting easy control 
of the expansion process. 

When the end portion 260 of the tubular member 210 is extruded off of the 
15 expandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior sur&ce 410 of the end 
portion 270 of the casing 116 to form an fluid tight overlapping joint. The contact 
pressure of flie overlapping joint may range, for example, fiom qiproximately J.447379 to 
1.278.9514 bar (50 to 20,000 psi). In a preferred embodiment, the contact pressure of flie 
20 overlapping joint ranges fiiom approximately 27.579028 to 689.4757 bar (400 to 10,000 psQ in 
order to provide optimum pressure to activate the annular sealing members 245 and optimally 
provide resistance to axial motion to accommodate typical tensile and conqnessive loads. 

TheovBTlappingjoint between the section 410 of the *»vi«Hng,.nof^g 116 and 
the section 265 of the expanded tubular member210preferablyprovide8agaseous 
25 andfluidicseal. Inaparticularlypreferredembodiment.the8ealingmember8246 
optimally provide a fluidic and gaseous seal in the overlapping joint. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material 306 iscontrollablyramped down when the expandable 
mandrel 206 reaches the end portion 260 of the tabular member 210. In this 
30 manner, the sudden release of pressure caused by the complete extrusion of the 
tubular member 210 off of the expandable mandrel 205 can be TninimiVoH in a 
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^ preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during tke end of the extrusion process beginning 
when the mandrel 205 is within about 1 .524 m ( 5 feet) ftom completion of the extnision 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Altematiyely, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the iluidic seal of the 
16 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlappmg joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
th^ any uncured portion of the material 305 within the expanded tubular member 
20 210 is then removed in a conventional manner such as, for example, circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubixlar member 210 and an outer 
30 azmular layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
_ shoe 215 and dart 405 using conventional drilling methods. 

15 



In a preferred embodiment, as illti^trited in f^ig? 6; Ih^ Jpptlr portion 260 of 
the tubular member 210 includes one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 1 1 5 and the upper portion 260 of the tubular 
member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equalized during the extmsion process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 fonmed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
members 605 are bonded or molded onto the outer surface 265 of the upper 
portion 260 of the tubular member 210. The pressure relief holes 61 0 are 
preferably positioned in the last few feet of the tubular member 210. The 
pressure relief holes reduce the operating pressures required to expand ttie 
upper portion 260 of the tubular member 210. This reduction in required 
operating pressure in turn reduces the velocity of ttie mandrel 205 upon tiie 
completion of the extmsion process. This reduction in velocity in turn minimizes 
the mechanical shock to ttie entire apparatus 200 upon Uie completion of ttie 
extmsion process. 

Referring now to Fig. 7, apparatus 700 for forming a casing wlttiin a 
wellbore preferably includes an expandable mandrel or pig 705. an expandable 
mandrel or pig container 710. a tubular member 715. a float shoe 720. a lower 
cup seal 725, an upper cup seal 730, a fluid passage 735, a fluid passage 740. a 
support member 745. a body of lubricant 750, an overshot connection 755. 
anoUier support member 760, and a stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by ttie support 
member 745. The expandable mandrel 705 Is further coupled to ttie expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controUably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance witfi ttie teachings of tfie present disclosure, 
tfie expandable mandrel 705 preferably comprises a hydrauUc expansion tool 
substantially as disclosed in U.S. Pat. No. 5,348.095, Uie contents of 



which are Incoiporaled herein tiy rrfereree. module^ irt 'accordance with the 
teachings of the present dfedosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
to the expandable mandrel 705. The expandable mandrel container 710 may be 
constnicted from any number of conventional commercially available materials 
such as. for example. Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. The expandable mandrel container 710 may be preferably 
fabricated fiom material having a greater strength than the material from which 
the tubular member 715 is fabricated. In this manner, the container 710 can be 
fabricated from a tubular material having a thinner waU thickness than the 
tubular member 210. This pennits the container 710 to pass through tight 
clearances thereby faclUtating its placement within the wellbore. 

Once the expansion process begins, and the thicker, lower strength 
material of the tubular member 715 is expanded, the outside diameter of the 
tubular member 71 5 is greater Uian Uie outsWe diameter of the container 710. 

The hjbuiar member 715 is coupled to and supported by the expandable 
mandrel 705. TTie tubular member 715 Is preferably expanded in the radial 
direction and extnided off of the expandable mandrel 705 substantially as 
described above witii reference to Figs. 1-6. Hie tubular member 71 5 may be 
fabricated from any number of materials such as, for example. Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. The tubular member 
715 maybe fabricated from OCTG. 

The tubular member 715 preferably has a substantially annular cross- 
section. More preferably, ttie tubular member 715 has a substantially circular 
annular cross-section. 

The tubular member 715 preferably Includes an upper section 805, an 
intenmediate section 810, and a tower section 815. The upper section 805 of the 
hibular member 715 preferably is defined by ttie region beginning in the vicinity 
of tiie mandrel container 710 and ending witii the top section 820 of ttie tubular 
member 715. The intemtiediate section 810 of tiie tubular member 715 is 
preferably 

defined by tiie region beginning in tfie vicinity of the top of the mandrel container 
71 0 and ending witti ttie r^ion in ttie vicinity of ttie mandrel 705. The lower 



region beginning in the vicinity oif^He maiiiliei'fOS ^6 'ending at the bottom 825 
of the tubular member 715. 

The wall thickness of the upper section 805 of the tubular member 71 5 
may be greater than the wall thicknesses of the intermediate and lower sections 
810 and 815 of the tubular member 715 in order to optimally faciliate the iniUation 
of the extmsion process and optimally peimit the apparatus 700 to be positioned 
in locations in the wellbore having tight clearances. 

The outer diameter and wall thickness of the upper section 805 of the 
tubular member 715 may range, for example, from about 2.667 to 121.92 cms 
(1 .05 to 48 inches) and 0.31 75 to 5.08 cms (1/8 to 2 inches), respectively. The 
outer diameter and waU thickness of the upper section 805 of the tubular 
member 715 may range from about 8.89 to 40.64 cms (3.5 to 16 inches) and 0.375 
to 3.81 cms (3/8 to 1.5 Inches), respectively. 

The outer diameter and waU thickness of the intemiediate section 8 10 of 
the tubular member 715 may range, for example, from about 6.35 to 127 cms (2.5 
to 50 inches) and 0.15875 to 3.81 cms (1/16 to 1.5 Inches), respectively. The outer 
diameter and waB thickness of ttie intenmedlate section 810 of the tubular 
member 715 may range fipom about 8.89 to 48.26 cms (3.5 to 19 inches) and 
0.3175 to 3.175 cms (1/8 to 1.25 inches), respectively. 

The outer diameter and wall ttiickness of tfie lower section 8 1 5 of the 
tubular member 715 m^ range, for example, from about 6.35 to 127 cms (2.5 to 
50inches)andO.I5875to3.175cms(l/16to 1.25 inches). respectively. TTieouter 
diameter and wall thickness of ttie lower section 810 of tfie tubular member 715 
may range from about 8.89 to 48.26 cms (3.5 to 19 inches) and 0.31 75 to 3. 1 75 
cms (1/8 to 1.25 Inches), respectively. The vrall ttiickness of the lower section 
815 of tfie tubular member 715 may be further Increased to increase ttie strengtti 
of ttie shoe 720 when driUable materials such as. for example, aluminum are 
used. 

The tubular member 715 preferably comprises a soBd tubular member. 
The end portion 820 of ttie tubular member 715 may be slotted, perforated, or 
otiiemise modified to catch or slow down ttie mandrel 705 when it completes 
ttie extmsion of tubular member 715. The lengtti of ttie tubular member 715 may 
belimited to minimize ttie possibilityofbuckling. For typical tubular member 



715 materials, the length of ther tubular membser 71?maV be prefeiabty limited to 
between about 1 2. 1 92 to 6.096 m (40 to 20,000 feet) in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
member 715. The shoe 720 includes the fluid passage 740. The shoe 720 may 
^rther Include an inlet passage 830, and one or more jet ports 835. Preferably, 
the cross-sectlonal shape of the Inlet passage 830 is adapted to receive a latch- 
down dart, or other similar elements, for blocking the inlet passage 830. The 
interior of the shoe 720 preferably includes a body of solid material 840 for 
increasing the strength of the shoe 720. The body of solid material 840 
preferably comprises aluminum. 

The shoe 720 may conq>rise any number of conventional commercially 
available shoes such as, for example, Super Seal 11 Down-Jet float shoe, or guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. The shoe 720 may comprise an aluminum 
down-jet guide shoe with a sealing sleeve for a latch-down plug available from 
Halliburton Eneigy Services in Dallas, TX, modified in accordance with the 
teachings of the present disclosure, in order to optimize guiding the tubular 
member 715 in the wellbore, optimize the seal between the tubular member 715 
and an existing wellbore casing, and to optimally faclUate the removal of the 
shoe 720 by drilling it out after conq>letlon of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support 
mennber 745. The lower cup seal 725 prevents foreign materials from entering 
the Interior region of the tubular member 715 above the e;q>andable mandrel 
705. The lower cup seal 725 may comprise any number of conventional 
commercially available cup seals such as. for example, TP cups or Selecth^ 
Injection Packer iSSP) cups modified in accordance with the teachings oi the 
present disclosure. The lower cup seal 725 may compiise a SIP cup. available 
from Halliburton Energy Services In Dallas, TX In order to optimally provide a 
debris barrier and hold a body of lubricant 

The upper cup seal 730 is coupled to and supported by the support 
member 760. The upper cup seal 730 prevents foreign materials from entering 
the interior r^on of the tubular member 715. The upper cup seal 730 may 
comprise any number of conventional coirunercially available cup seals such as, 
for example, TP cups or Selective Injectkm Packer (SIP) cup modified in 
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accordance with the teachings of Ihe' present dteclosdre/The upper cup seal 730 
may comprise a SIP cup available from HalUburton Energy Services in Dallas, TX 
in order to optimally provide a debris barrier and contain a body of lubricant 
The fluid passage 735 permits fluidic materials to be transported to and 
from the interior region of the tubular member 715 below the expandable 
mandrel 705. The fluid passage 735 is fluidicly coupled to the fluid passage 740. 
The fluid passage 735 is preferably coupled to and positioned within the support 
member 760, the support member 745, the mandrel container 710, and the 
expandable mandrel 705. The fluid passage 735 preferably extends from a 
position adjacent to the surface to the bottom of the e]q)andable mandrel 705. 
The fluid passage 735 is preferably positioned along a centerline of the apparatus 
700. The fluid passage 735 is preferably selected to transport materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 
151.4164 to 1 1356.2355 Utres/minute (40 to 3,000 gallons/minute) and 34.473 to 
620.52813 bar (500 to 9,000 psi) in order to provide sufficient operating pressures 
to extrade the tubular member 715 off of the expandable mandrel 705. 

As described above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a wellbore, fluidic mateiiak forced up the 
fluid passage 735 can be released into the wellbore above the tubular member 
715. The apparatus 700 further includes a pressure release passage tiiat is 
coupled to and positioned within the support member 260. The pressure release 
passage is further fluidicly coupled to the fluid passage 735. The pressure release 
passage preferably includes a control vah^ for controllably opening and closing 
the fluid passage. The control valve may be pressure activated in order to 
controllabty minimize surge pressures. The i»essure release passage is 
preferably positioned substantially orthogonal to the centerline of the apparatus 
700. The iMessure release passage is preferably selected to convey materials 
such as cement, diilling mud or epoxies at flow rates and pressures ranging from 
about 0 to 1 892.7059 Utres/minute (0 to 500 gallons/minute) and 0 to 68.94757 bar 
(0 to 1 ,000 psi) in order to reduce the drag on the apparatus 700 during insertion 
into a new section of a wellbore and to minimize surge pressures on the new 
wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
from the region exterior to the tid)ular member 715. The fluid passage 740 is 
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preferably coupled to and posittorie'd witwh th6 shdig V20 In lluidic 
communication with the interior region of the tubular member 715 below the 
expandable mandrel 705. The fluid passage 740 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in the inlet 830 of 
the fluid passage 740 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 715 below the expandable 
mandrel 705 can be optimally fluidicly isolated from the region exterior to the 
tubular member 71 5. This pemUts the interior region of the tubular member 715 
below the expandable mandrel 205 to be pressurized. 

The fluid passage 740 Is preferably positioned substantially along flie 
centeriine of tiie apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 1 1 356.2355 Htres/minute (0 to 3,000 
gallons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in order to optimally All an 
annular region between the tubular member 715 and a new section of a wellbore 
with fluidic materials. The fluid passage 740 may Include an inlet passage 830 
having a geometry that can recede a dart and/or a ball sealing member. In this 
manner, ttie fluid passage 240 can be sealed off by introducing a plug, dart and/or 
ball sealing elements into the fluid passage 230. 

The apparatus 700 may further include one or more seals 845 coupled to 
and supported by the end portion 820 of tfie tubular member 715. The seals 845 
are further positioned on an outer surface of Uie end portion 820 of tiie tubular 
member 71 5. The seals 845 pennit the overiapping joint between an end portion 
of preexisting casing and Uie end portion 820 of tfie tubular member 71 5 to be 
fluidicly iealed. The seals 845 may comprise any number of convtentional 
commercially available seals such as, for example, lead, mbber. Teflon™, or 
epQjqr seals modified in accordance witfj tiie teachings of tiie present disclosure. 
The seals 845 comprise seals molded finom StrataLock epoxy available ftom 
Halliburton Energy Services in Dallas. TX in order to optimally provide a hydraulic 
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seal and a load bearing inteiferehce lit in the overiapping joint between the 
tubular member 715 and an existins casing with optima] load bearing capacity to 
support the tubular member 715. 

The seals 845 may be selected to provide a sufficient ftictional force to 
support the expanded tubular member 715 from the existing casing. The 
Actional force provided by the seals 845 preferably ranges from about 68.94757 
to 68,947.57 bar (1 ,000 to 1,000,000 IbO in order to optimally support the 
expanded tubular member 71 5. 

The support member 745 is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 
700 Into a new section of a wellbore. The support member 745 may comprise 
any number of conventional commercially available support members such as, 
for example, steel drill pipe, coiled tubing or other high strength tubular modified 
in accordance with the teachings of the present disclosure. The support member 
745 may comprise conventional driO pipe available from various steel mills In the 
United States. 

A body of lubricant 750 may be provided in the annular region above the 
expandable mandrel container 710 within the interior of the tubular member 715. 
In this manner, the extnision of the tubular member 7 1 5 off of the expandable 
mandrel 705 is facilitated. The lubricant 705 may comprise any number of 
conventional commercially avaUabie lubricants such as, for example, Lubriplate, 
chlorine based lubricants, oil based lubricants, or Climax 1500 Antisieze (3100). 
The lubricant 750 preferably comprises Climax 1500 Antisieze (3100) available 
from Halliburton Energy Seivlces in Houstori, TX in order to optimally provide 
lubrication to faciliate the extrusion process.' 

The overshot connection 755 Is coupled to the support member 745 and 
the support member 760. TTie overshot connection 755 preferably permits the 
support member 745 to be removably coupled to the support member 760. The 
overshot connection 755 may comprise any number of conventional 
commercially available 
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overshot connections such as, for example. Innerstring Sealing Adapter, 
Inneistring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. The 
overshot connection 755 may comprise a Innerstring Adapter with an Upper 
Guide available from Halliburton Energy Services in Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support stmcture (not illustrated). The support member 760 
preferably comprises an annular member having sufTicient strength to cany the 
apparatus 700 into a new section of a wellbore. The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, steel drifl pipe, coUed tubing or other high strength tubulars 
modified in accordance witti the teachings of the present disclosure. The 
support member 760 preferably comprises a conventional drill pipe available 
from steel mills in ttie United States. 

The stabilizer 765 is preferably coupled to ttie support member 760. The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 
witiiin ttie tubular member 715. The stabilizer 755 preferably comprises a 
spherical member having an outside diameter ttiat is about 80 to 99% of the 
interior disuneter of Oie tubular member 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise any 
number of conventional commercially available stabilizers such as, for example, 
EZ Drill Star Guides, packer shoes or drag bk>cks modified in accordaiKe witti 
the teachings of ttie present disclosure. The stabilizer 765 preferably comprises a 
sealing adapter upper guide available from Halliburton Energy Services in Dallas, 
TX. 

The support members 745 and 760 may be tiioroughly cleaned prior to 
assembly to tfie remaining portions of ttie apparatus 700. In this manner, ttie 
inbxxiuctfon of foreign material into ttie apparatus 700 is minimized. This 
minimizes ttie possibility of foreign mateiial dogging ttie various flow passages 
and valves of the s^paratus 700. 

Before or after positioiiing the apparatus 700 within a new section of a 
wellbore, a couple of wellbore volumes are circulated 
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through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various 
flow passages and vahres of the apparatus 700 and to ensure that no foreign 
material interferes vdth the expansion mandrel 705 during the expansion 
process. 

The apparatus 700 may be operated substantially as described above with 
reference to Figs- 1-7 to form a new section of casing v^thin a wellbore. 

As illustrated in Fig. 8, in an alternative preferred embodiment, the method 
and apparatus described herein is used to repair an existing wellbore casing 805 
by forming a tubular liner 810 inside of the existing wellbore casir^ 805. In a 
preferred eml)odiment, an outer annular lining of cement is not provided in the 
repaired section. In the altemath^ preferred embodiment, any number of fluidic 
materials can be used to expand the tubular liner 810 into intimate contact with 
the damaged section of the wellbore casing such as, for example, cement, 
epoxy, slag mix, or drilling mud. In the alternative preferred embodiment, 
sealing meml>ers 815 are preferably provided at both ends of the tubular member 
in order to optimally provide a fluidic seal. In an alternative preferred 
embodiment, the tubular liner 810 is formed within a horizontally positioned 
pipeline section, such as those used to transport hydrocarbons or water, with the 
tubular liner 810 placed In an overlapping relationship with the adjacent pipeline 
section. In this manner, underground pipelines can be repaired without having 
to dig out and replace the damaged sections. 

In another altemath^e preferred emtx>diment, the method and apparatus 
described herein is used to directly line a wellbore with a tubular liner 810. In a 
preferred embodiment, an outer annular lining of cement is not provided 
behveen the tubular liner 810 and the wellbore. In the alternative preferred 
embodiment, any number of fluidic materials can be used to e3q>and the tubular 
liner 810 into intimate contact v\ith the weDbore such as, for example, cement, 
epoxy, slag mix, or drilling mud. 

Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 



apparatus 900 for fomiii^ a wellbore casing includes an expandible tubular 
member 902, a support member 904, an ejqiandible mandrel or pig 906, and a 
slioe 908. In a preferred embodiment, tlie design and construction of the 
mandrel 906 eind shoe 908 pemiits easy removal of those elements by drilling 
them out. In this manner, the assembly 900 can be easily removed from a 
wellbore using a conventional drilling apparatus and con^sponding drilling 
methods. 

The expandible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of 
the apparatus 900, the hibular member 902 is preferably extmded off of the 
mandrel 906 by pressuris^g an interior region 966 of the tubular member 902. 
The tubular member 902 preferably has a substantially annular cross-section. 

In a particularly preferred embodiment, an expandable tubular member 
915 is coupled to the upper portion 910 of the expandable tubular member 902. 
During operation of the apparatus 900, the tubular member 915 is preferably 
extmded off of the mandrel 906 by pressurizing the interior region 966 of the 
tubular member 902. The tubular member 915 preferably has a substantially 
annular cross-section. In a preferred embodiment, the wall thickness of the 
tubular member 915 is greater than the wall thickness of the tubular member 
902. 

The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
hibulars, low alloy steels, titanium or stainless steels. In a preferred 
embodiment, the tubular member 915 is fabricated from oilfield tubulais in order 
to optimally provide approximately the same mechanical properties as the 
tubular member 902. In a particuiaiiy prefened embodiment, the tubular 
member 915 has a plastic yiekl point ranging from about 275.9028 to 9307.92195 
bar (40,000 to 1 35,000 psi) in order to optimally provide approximately the same 
yield properties as the tubular member 902. The tubular member 915 may 
comprise a plurality of tubultir members coupled end to end. 

In a preferred embodiment, the upper end portion of the tubular member 
915 includes one or more sealing members for optimally providing a fluidic 
and/or gaseous seal with an existing section of wellbore casing. 



76 



In a prefeired embodiment, the combined IfifiStft^f tM; iubillar members 
902 and 915 are limited to minimize the possibility of buckling. For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 12.192 to 6.096 m (40 to 20,000 feet) in length. 

The lower portion 914 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 968. The intermediate portion 91 2 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars. low alloy steels, titanium or stainless steels. In a preferred 
embodiment, the tubular member 902 is fabricated from oHHeld tubulars in order 
to optimally provide approximately the same mechanical properties as Uie 
tubular member 915. In a particularly preferred embodiment. Oie tubular 
member 902 has a plastic yield point ranging Irom about 275.9028 to 9307.92 1 95 
bar (40.000 to 135.000 psi) in order to optimally provide approximately ttie same 
yield properties as tfie tubular member 915. 

The wan thickness of the upper, intermediate, and lower portions, 910. 912 and 
914 of the tubular member 902 may range, for example, from about 0.625 to 3.81 (1/16 to 
1 .5 Inches). In a preferred embodiment, the wall thickness of the upper, intermediate, 
and lower portions. 910. 912 and 914 of the tubular member 902 range frx>m about 0.3175 
to 3.175 cms (1/8 to 1.25 inches) in order to optimally provide wall thickness tiiat are 
about the same as the tubular member 915. In a prefened embodiment, tiie wall 
thickness of the lower portion 914 is less than or equal to the wall thickness of the upper 
portion 910 in order to optimally provide a geometry that wiU fit into tight clearances 
downhole. 

The outer diameter of the upper, intermediate, and lower portions, 910. 912 and 
914 of the tubular member 902 may range, for example, from about 2.667 to 121.92 cms 
(1 .05 to 48 inches). In a preferred embodiment, tfie outer diameter of tfie upper, 
intermediate, and lower portions. 910. 912 and 914 of the tubular member 902 r»ige 
from about 8.89 to 48.26 cms (3 V4 to 19 inches) in order to optimally provide the ability 
to expand the most commonly used oilfield tubulars. 
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^ The length of the tubular member 902 is preftf ibiy limit«d to between about 

0.6096 to 1.524 m (2 to 5 feet) in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

T^e tubular member 902 may comprise any number of conventional 
5 commercially available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods available from various U.S. steel mills. 
The tubular member 916 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 
10 present disclosure. InaprefeiTedembodimentythetubuIarmember915comprises 
Oilfield Coimtry Tubular Goods available from various U.S. steel milla 

The various elemrats of the tubular mCTiber 902 may be coupled using any 
number of conventional process such as, for ejcample, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubxilar elements that are coupled end to 
end. The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machkied flrom one piece. In a preferred embodiment, the various 
20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a phurality of tubular elements that are coupled end to 
end. The tubtdar members 902 and 915 may be coupled using any niunber of 
conventional process such as, for example, threaded connections, welding or 
machined fi-om one piece. 
25 The support member 904 preferably includes an innerstring adapter 916, 

a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the apparatus 900 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 
to The support member 904 may be fabricated bom any ntunber of 

conventional commercially available materials such as, for example, oilfield 
_ tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred 

an 



^ embodiment, the support member 904 is febrftat^ from'wkuoy in order 
to optimally provide high yield strength'. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from asurface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 918 is preferably used to convey fluids and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicty coupled to the fluid passage 962. In a preferred embodiment, the fluid 
10 Pas8age918isusedtoconv^hanienablefluidicsealingmaterialstoandfromthe 
apparatus900. Inaparticularfypreferxedembodiment, the fluid passage 918 may 
include one or more pressure relief passages (not iUustrated) to release fluid 
pressure duringpositioningof the apparatus 900 within a vrellbore. In a preferred 
embodiment, the fluid passage 918 is positioned along a longitudinal centerline of 
16 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 620.52813 bar (0 to 9,000 psi). 

The upper guide 920 is coupled to an upper portion of the support member 
904. Theupperguide920preferablyisadaptedtocenterthesupportmember904 
20 vrtthin the tubular member 916. The upper guide 920 may comprise any number 
of conventional guide members modified in accordance with the teachings of the 
present disclosure. ^ a preferred embodiment, the upper guide 920 comprises an 

iimerstringadapter available fromHamburtonEneigyServicesin Dallas, TXorde^ 
to optimally guide the apparatus 900 within the tubular member 915. 

25 Tbecoupling922couplesthesupportmember904tothemandrel9D6. The 
coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupledusingany 
number of conventional processes such as, for example, welding, threaded 
connections ormachinedfromonepiece. In a preferred embodiment, the various 
30 «tement8ofthesupportmember904arecoupledusingthreadedconnections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 

«pansioncone928,alower cone retainer 930,abody of cement 932.alower guide 
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. 934, an extension sleeve 936, a spacer 938, a hdiibinEf 940, a sealing sleeve 942. an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 
950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially flnm^lflr 
cross-section. The retainer 924 may comprise any niunber of conventional 
commercial^ available retainers such.as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 

946, and the lubricator sleeve 948. The rubber ciq) 926 prevents the entry of 
foreign materials into the interior region 972 of tlie tubular member 902 below the 
rubber cup 926. The rubber cup 926 mitjr comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 
15 Injection Packer (SIP) cup. In a prderred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimal^ block foreign materials. 

In a particularly preferred embodiment, a body of hibricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 
20 the interface between the exterior sur&oe of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional coinmOTciaUy available lubricants such as, for example, 
Lubriplate™, chlorine based lubricants, oil based lulnicants or Climax 1 500 Antisdze 
(3100). In a preferred embodiment, the lubricant comprises Climax 1600 Antiseize 
25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to fkdliate the extrusion process. 

The escpansion cone 928 is coupled to the bwer cone retainer 930, the body 
of cement 932, the lower guide 934, the extension deeve 936, the housing 940, and 
the upper cone retainer 944. In a prefisTred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 915 are extruded ofif of the outer 
surface of the espansion cone 928. In a preferred embodiment, axial movement 
_ of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 
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^ and the upper cone retainer 944. Inner radial movement of the expansion cone 928 is 

prevented by the body of cement 932, the housing 940, and the upper cone retainer 944. 

The expansion cone 928 preferably has a substantially annular cross section. The 
outside diameter of the e;cpansion cone 928 is preferably tapered to provide a cone 
shape. The wall thickness of the expansion cone 928 may range, for example, from 
about 0.3175 to 7.62 cms (0.125 to 3 inches). In a preferred embodiment, the wall 
thickness of the expansion cone 928 ranges from about 0.635 to 1 .905 cms (0.25 to 0.75 
Inches) in order to optimally provide adequate compressive strength with minimal 
material. The maximum and minimum outside diameters of the e;q)ansion cone 928 
may range, for example, from about 2.54 to 1 19.38 cms (1 to 47 inches). In a preferred 
embodiment, the maximum and minimum outside diameters of the expansion cone 928 
range from about 8.89 to 48.26 cms (3.5 to 19 inches) in order to optimally provide 
expansion of generally available oilfield tubulars. 

The expansion cone 928 may be fabricated fiom any number of 
conventional commercially available materiak such as, for example, ceramic, 
tool steel, titanium or low alloy steel In a prefened embodiment, the expansion 
cone 928 is fabricated fiiom tool steel In order to optimally provide high strength 
and abrasion resistance. The surface hardness of tfie outer surface of tfie 
expansion cone 928 may range, for example, from about 50 Rockwell C to 70 
RockweO C. In a prefened embodiment, tfie surface hardness of the outer 
suifece of the expansion cone 928 ranges from about 58 Rockwell C to 62 
Rockwell C in order to optimally provide high yield strengtfi. In a prefened 
embodiment, tfie expansion cone 928 Is heat treated to optimally provide a haid 
outer surface and a resilient Interior body in order to optimally provide abrasion 
resistance and fracture toughness. 

The lower cone retainer 930 is coupled to tfie expansion cone 928 and tfie 
housing 940. In a prefened embodiment, axlaf movement of tfie expansion cone 
928 Is prevented by tfie tower cone retainer 930. Preferably, tfie lower cone 
retainer 930 has a substantially annular cross-section. 

The lower cone retainer 930 may be fabricated from any number of 
conventional commercially available materials such as, for example, ceramic, 
tool steel, titanium or low alloy steel In a prefened embodiment, ttie lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
strength 
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( and abrasion resistance. The surface hardness of the outer surface of the lower 
cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a prefeired embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 RockweU C 
5 in order to optimally provide high yield strength. In a prefeired embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a reslHent interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 
1 0 cone 928 are fomied as an integral one-piece element in order reduce the number 
of components and increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 
15 The body of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, ttie mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 

20 commerciallyavaiIablecementcompounds.Altematively,alumlnum,castironor 
some otfier drillable metalUc. composite, or aggregate material maybe substituted 

forcement. The body of cement 932 preferably has a substantially annular cross- 
sectioa 



The lower guide 934 is coupled to the extension sleeve 936 and housing 940 
25 During operation of tt,e apparatus 900. the lower guide 934 preferably helps guide 

Uiemovementofthen»andrel906wittiinttiehibularmember902.'mek>werguide 
934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as. forexample. oilfield tubulars. low alloy 
30 steel or stainless steel. In a preferred embodiment, the lower guide 934 Is 
fabricated from lowalloysteelinordertooptimallyprovidehlghyieldstrengtti.'nie 



( outer surface of the lower guide 934 preferably mates with the inner surface of the 
tubular member 902 to provide a sUding fit. 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 
940. During operaUon of the apparatus 900, the extension sleeve 936 preferably 

5 helpsguidethemovementofthemandrel906withinthetubularmember902. The 
extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars. low aUoy steel or stainless steel. In a preferred embodiment, the 
10 extension sleeve 936 is fabricated from lowalloy steel in order to optimally provide 
high yield strength. The outer surface of the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit. In a 
prefen-ed embodiment, the extension sleeve 936 and the lower guide 934 are 
fonmed as an integral one-piece element In order to minimize the number of 
1 5 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 952 Into the fluid passage 962. 
20 Preferably, the spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 

commerciallyavailablematerialssuchas. for example, steel, aluminumorcastiroa 
In a preferred embodiment, the spacer 938 Is fabricated from aluminum in order 

to optimallyprovidedrillablKty.nieendofthespacer938 preferably mates with the 
25 end of the extension tube 960. In a prefened embodiment, tiie spacer 938 and the 

sealing sleeve 942 are formed as an integral one-piece element in order to reduce 

the number of components and increase the strengtti of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 

expansion cone 928, body of cement 932. and lower cone retainer 930. During 
30 operation of the apparatus 900. tiie housing 940 preferably prevents inner radial 

motion of tiie expansion cone 928. Preferably, tiie housing 940 has a substantially 

annular cross-section. 
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( The housing 940 may be fabricated from any number of conventional 

commercially available materials such as, for example, oilfield tubulars. low alloy 
steel or stainless steel. In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to opUmally provide high yield strength. In a preferred 
5 embodiment, the lower guide 934. extension sleeve 936 and housing 940 are 
formed as an integral one-piece element in order to minimize the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to faciliate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904. the body of 
cement 932. the spacer 938. and the upper cone retainer 944. During operation of 
the apparatus, the seahng sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 Is preferably coupled to the support member 904 using 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substanUally annular 
cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as. forexample. steel, aluminum or cast iron. 
In a prefen-ed embodiment, the sealing sleeve 942 is fabricated from aluminum in 
20 order to optimally provide drillability of the sealing sleeve 942. 

In a particulariy prefen^ed embodiment, the outer surface of the sealing 

sleeve 942 indudesoneormore protrusions to faclUate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particulariy preferred embodiment, the spacer 938 and the sealing sleeve 
25 942 are integrally fomied as a one-piece element in order to minimize the number 
of components. 

The upper cone retainer 944 is coupled to the expansion cone 928. the 
sealing sleeve 942. and the body of cement 932. During operation of tiie apparatus 
900, the upper cone retainer 944 preferably prevents axial motion of U,e expansion 
30 cone928. Preferably, tiie upper cone retainer 944 has a substantially annularcross- 



section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
cduminum or cast iron. In a preferred embodiment, the upper cone retainer 944 is 
fabricated from aluminum in order to optimally provide drillability of the upper cone 
5 retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-shaped to provide increased rigidity and minimize the amount 

10 of material that would have to be drilled out 

The lubricator mandrel 946 is coupled to the retainer 924, the rubber cup 926, 
the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. Durir^ 
operation of the apparatus 900, the lubricator mandrel 946 preferably contains the 
l>ody of lubricant in the annular region 972 for lubricating the interface between the 

1 5 mandrel 906 and the tubular member 902. Preferably, the lubricator mandrel 946 
has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional conunercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred eml)odiment, the lubricator mandrel 946 is 

20 fabricated from aluminum in order to optimally provide drillability of the lubricator 
mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the mbber cup 926, the upper cone retainer 944, the lubricator sleeve 
948, and the guide 950. During operation of the apparatus 900, the lubricator sleeve 

25 948 preferably supports the rubber cup 926. Preferably, the lubricator sleeve 948 
has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast Iron. In a preferred embodiment, the lubricator sleeve 948 is 

30 fabricated from aluminum in order to optimally provide drillability of the hibricator 
sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the lubricator 
mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 926. The 
retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In a 
preferred embodiment, seals 949a and 949b are provided between the lubricator 
mandrel 946» lubricator sleeve 948, and mbber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
guide 950 has a substantially annular cross-section. 

The guide 950 may be fabricated from any number of conventional commercially 
available materials such as, for example, steel, aluminum or cast iron. In a preferred 
emtxxiiment, the guide 950 is fabricated from aluminum order to optimally provide 
drillability of the guide 950. 

The fluid passage 952 is coupled to the mandrel 906. During operation of the 
eq>paratus, the fluid passage 952 preferably conveys hardenable fluidic materials. In a 
preferred embodiment, the fluid passage 952 is positioned about the centerline of the 
£4>paratus 900. In a particularly preferred embodiment, the fluid passage 952 is adapted 
to convey hardenable fluidic materials at pressures and flow rate ranging from about 0 to 
620.52813 bar (0 to 9,000 psi) and 0 to 1 1356.2355 litres/minute (0 to 3,000 gallons/min) in 
order to optimally provide pressures and flow rates to displace and circulate fluids 
during the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number of 
conventional process such as. for example, threaded ccxmections, welded connections 
or cementing. In a preferred embodiment, the various elements of the mandrel 906 are * 
coupled using threaded connections and cementing. 

The shoe 908 preferably mchides a housir^ 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
ouUetjets 964. 

The housing 954 is coupled to the body of cement 956 and the lower 
portion 91 4 of the tubular member 902. During operation of the apparatus 900, 
the housing 954 preferably couples the lower portion of the tubular member 902 
to the shoe 908 



( to facilitate the extrusion and positioning of the tubular member 902. Preferably, 
the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as. for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 Is fabricated from aluminum In order to 
optimally provide drillability of the housing 954. 

In a particulariy preferred embodiment, the interior surface of the housing 
954 includes one or more protrusions to fadUate the connection between the body 
of cement 956 and the housing 954. 
10 The body of cement 956 is coupled to the housing 954, and the seaUng sleeve 
958. In a preferred embodiment, the composition of the body of cement 956 is 
selected to permit the body of cement to be easily drilled out using conventional 
drilling machines and processes. 

The composition of ttie body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drillable 
material such as. for example, aluminum or Iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956. the extension 
tube 960. the fluid passage 962. and one or more outiet jets 964. During operation 
20 of the apparatus 900. the sealing sleeve 958 preferably Is adapted to convey . 

hardenablefluidicmateriaIfromthefluldpassage952lntothefluidpassage962and 

then into the ou«etiets964lnortier to inieclthehardenablefluldic material Into an 
annular region external to the tubular member 902. In a preferred embodiment, 
during operation of the apparatus 900, tiie sealing sleeve 958 further includes an 

25 «n»etgeometrythatpemillsaconventionalplugordart974tobecomelodgedinttie 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 may be 

blocked thereby fluidiclyisolating the interiorregion966of the tubularmember902. 

Inapreferred embodiment, the sealing sleeve 958hasasubstantiallyannular 
cross-section. The sealing sleeve 958 may be fabricated from any number of 
30 conventional commercially available materials such as, for example, steel, 
aluminum or cast Iroa In a preferred embodiment, the seaUng sleeve 958 Is 
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fabricated from aluminum in order to optimaUy provide driUability of the sealing 
' sleeve 958. 

- The extension tube 960 is coupled to the sealing sleeve 958, the fluid 

passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900. the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to i^iect the hardenable fluidic material into an annular 
region eztemal to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 
10 geometry that permits a conventional plug or dart; 974 to become lodged in the 
inlet of the sealing sleeve 968. In this manner, the fluid passage 962 is blocked 
thereby fluidicly isolating the interior region 966 of the tubular member 902. In 
a prefeired embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally fadliate the transfer of material between the 
15 two. 

In a preferred embodiment, the extension tube 960 has a substantiaUy 
annularcross-section. The extension tube 960 may be fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is' 
20 fabricated from ahmiinum in order to optimal^ provide drillability of the 
eztendon tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964. Dming operation of the apparatus 900, 
the fluid passage 962 is preferably conv^s hardenable fluidic materials. In a 
25 P«ferredembodiment.tiiefluidpassage962ispositionedaboutthecenterlineof 
theapparatus900. In a particularly preferred embodiment, the fluid passage 962 
IS adapted to convqr hardenable fluidic materials at pressures and flow rate 

ranging from about0to620.52813bar(0u,9.000psi)and0toI1356.2355 
gailons/mm) in ord^ to optimally provide fluids at operationally efficient rates. 

The outlet jets964 are coupled to the sealingaleeve 958. theextension tube 
960. and the fluid passage .962. During operation of the apparatus 900. the ouUet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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^ to the region exterior of the apparatus 9b0. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled in 
the housing 954 and the body of cement 956 in order to simplify the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 
10 In a preferred embodiment, the assembly 900 is operated substantiaUy as 

described above with reference to Figs. 1-8 to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubidar memb» 915. In a 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped from a surfiBU^e location into the fluid passa^ The 
hardenable fluidic sealing material then passes from the fluid passage 918 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior wall of the new section of the 
wellbore. Continued pumping ofthe hardenable fluidic sealing material causes the 
material to fill up at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the 

30 ammlar region at pressures and flow rates langing. for example, from about 0 to 344.73785 bar (0 to 5,000 
psi) and 0 to 5678.1177 titres/minnte (0 to 1,500 gaUons/minX respectively. In a preferred embodiment. 
Oie hatdenable flnidic sealing material is pumped into ^ annular region at pressures 
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and flow rates that are designed for the specific wellbore secUon in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably detennined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as. 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 
operational difficulties during the displacement of the cement in the annularregion. 
The optimum composition of the blended cements is preferably determined using 
15 conventional empirical methods. 

The annular region preferably is filled v^th the hardenable fluidic seaUng 
material in sufficient quantities to ensure that, upon radial expansion of Uie tubular 
member 902, the annular region of the new section of the weUbore will be filled 
with hardenable material. 
20 Once the annular region has been adequately fiUed with hardenable fluidic 

sealing material, a plug or dart 974, or otiier similar device, preferably is introduced 
into tfie fluid passage 962 thereby fluidicly isolating tiie interior region 966 of the 
tubular member 902 from the external annular regloa In a preferred embodiment, 
a non hardenable fluidic material is then pumped Into the interior region 966 
15 causing ttie interior region 966 to pressurize. In a particulariy preferred 
embodiment, the plug or dart 974. or other similar device, preferably is introduced 
into the fluid passage 962 by introducing the plug or dart 974, or other similar device 
into tiie non hardenable fluidic material. In this manner, the amount of cured 
material within the interior of the tubular members 902 and 91 5 is minimized. 
0 Once the Interior region 966 becomes sufficientiy pressurized, the tubular 
members 902 and 915 are extnided off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expendible. Dtlring the extrusion process, the mandrel 906 
( is raised out of the expanded portions of the tubular members 902 and 916 using 
the support member 904. During this extrusion process, the shoe 908 is preferably 
substantially stationary. 
5 The plug or dart 974 is preferabty placed into the fluid passage 962 by 

introducing the plug or dart 974 mto the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for phi^jing a fluid passage such as, 
for example, Multiple Stage Cementer (MSG) latch-down plug, Omega latch-down 
10 plug or three-wiper latch down plug modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the plug or dart 974 comprises 
a MSG latch-down phig available from Halliburton Energjr Services in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fhiidic material is preferably pumped mto the interior region 966 at 

16 PreKuresandflowratesrangingfromapproximately 34.473 to 620.52813 bar(500to 
9,000 psi) and 151.4164 to 1 1356.2355 Utres/ininute (40 to 3,000 gallous/min) in order to 
optimally extrade the tubular members 902 and 915 oflFof the mandrel 906. 

Fortyincal tiAular ineiiibets 902 and915, «be extnision of die tuindar manben 902 and 91S off 
of die expandable nandrd will begin when die pnssme of die interior i^cm 966 reaches ^ronmately 
34.473 to 620.52813 bar (500 to 9,000 psi). In a piefened enibodinieiit. die extnidon of die tubular 
members 902 and 915 offofflie mandrel 906 begins when die laessure of die interior «^ . 
approsmately 82.7352 to 586.041 bar (UOO to 8.500 psO widi a flow rate of about 151.4164 to 
4731.7648 litrt3^IilnIle (40 to 1250 gallons/bumite). 

During the extnision process, fbe mandrel 906 may be raised out of the expanded 
portions of the tubular members 902 and 915 at rates ranging, for example, fiom about 0 
2g to 1.524 ni/s(0 to 5 ft/sec). In a preferred embodiment, during the extnision process, tbe 
mandrel 906 is raised out of tbe expanded portions of the tubular members 902 and 915 
at rates ranging fiom about 0 to 0.6096 m/s (0 to 2 fl/sec) in order to optimally provide 
pulling speed fast enough to permit efiScient operation and permit full expansion of tbe 
tubular members 902 and 915 prior to curing of the haidenable fluidic sealing matoial; 
but not so fast that timely adjustment of operating parameters during opOTtion is 
30 prevented. 



When the upper end portion of the tubular member 915 is extruded off of the 
mandrel 906. the outer surface of the upper end portion of the tubular member 9 1 5 wiD 
preferably contact the interior surface of the lower end portion of the existing casing to 
. . fomi an fluid tight overiapping joint The contact pressure of the overlapping ioint may 
range, for example, from approximately 3.447379 to 1,278.9514 bar (50 to 20.000 psi). In 
a prefeired embodiment, the contact pressure of the overiapping Joint betiveen the 
upper end of the tubular member 915 and the existing section of weHbore casing langes 
liom approximately 27.579028 to 689.4757 bar (400 to 10.000 psi) in order to optimally 
provide contact pressure to actuate the sealing members and provide optimal resistance 
such that the tubular member 915and existing wellbore casing win cany typical tensile 
and c<»npresshre loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
non hardenable fluWic material will be controUably ramped down when the 
mandrel 906 reaches the upper end portion of the tubular member 915. In this 
manner, the sudden release of pressure caused by the complete extnislon of the 
tubular member 9 1 5 off of the expandable mandrel 906 can be minimized. In a 
preferred embodiment, the operating pressure is reduced in a substantially linear 
. f^Won from 100% to about 10% during the end ofUie extnislon process 

beginning when ttie mandrel 906 has completed approximately all but about the 
last 1.524m (5 feel) of ttie extnision process. 

In an alternative preferred embodiment, tiie operating pressure and/or 
flow rate of the hardenable fluidic sealing material and/or ttie non hardenable 
fluldic material are controlled during all phases of ttie operation of tiie apparatus 
900 to minimize shock. 

Alternatively, or in combination, a shock ahsort>er is provided in tfie 
support member 904 in order to absorb the shock caused by ttie sudden release 
of pressure. 

Alternatively, or in combination, a mandrel catching stnicture is provided 
above ttie support member 904 In order to catch or at least decelerate tfie 
mandrel 906. 

Once ttie extixision process is completed, ttie mandrel 906 is removed 
from ttie wellbore. In a prefened embodiment, eittier before or after ttie removal 
of ttie 



mandrel 906, the integrity of the fluidic seal of the overlapping joint between the 
upper portion of the tubular member 915 and the lower portion of the existii^ 
casing is tested using conventional methods. If the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 91 5 and the lower portion 
5 of the existing casing is satisfactory, then the uncured portion of any of the 
hardenable fluidic sealing material within the esqianded tubular member 9 1 5 is then 
removed in a conventional manner. The hardenable fluidic sealing material within 
the annular region between the expanded tubular member 915 and the existing 
casing and new section of wellbore is then allowed to cure. 
1 0 Preferably any remaining cured hardenable fluidic sealing material within the 

interior of the expanded tubular members 902 and 915 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
of casing preferably includes the expanded tubular members 902 and 915 and an 
outerannular layer of cured hardenable fluidic sealing material. The bottom portion 
15 of the apparatus 900 comprising the shoe 908 may then be removed by drilling out 
the shoe 908 using conventional drilling methods. 

In an altemative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 from the interior of the wellbore due 
to a malfunction. In this circumstance, a conventional driU string is used to drill out 
20 the interior sections of the apparatus 900 In order to faciUtate the removal of Uie 
remaining sections. In a prefened embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

25 In particular, in a preferred embodiment, the composition of the interior 
sections of tfie mandrel 906 and shoe 908, including one or more of the body of 
cement 932, the spacer 938, the sealing sleeve 942, the upper cone i€tainer944, the 
lubricator mandrel 946, the hibricator sleeve 948, the guide 950, Oie houslng954, the 
body of cement 956, the sealing sleeve 958, and the extension tube 960, are 

JO selected to permit at least some of these components to be drilled out using 
conventional drilling methods and apparatus. In Uiis manner, in the event of a 
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( malfunction downhole. the apparatus 900 may be easily removed from the 

wellbore. 

Referring now to Figs. 10a. 10b, 10c, lOd, lOe, lOf. and lOg a method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
5 illustrated in Fig. 10a.awellbore 1000 positioned in a subterranean fomiation 1002 
includes a first casing 1 004 and a second casing 1006. 

The first casing 1004 preferably includes a tubular liner 1008 and a cement 
annulus 1010. The second casing 1006 preferably includes a tubular liner 1012 and 
a cement annulus 1014. In a prefen-ed embodiment, the second casing 1006 is 
10 formed by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below wiUi reference to Figs. I la-I If. 

In a particularly preferred embodiment, an upper portion of the tubular liner 
1012 overiaps witti a lower portion of tiie tubular liner 1008. In a particularly 
prefen^d embodiment, an outer surface of tiie upper portion of the tubular liner 
15 1012 includes one or more sealing members 1016 for providing a fluidic seal 
between tiie tubular liners 1008 and 1012. 

Refening to Fig. 1 Ob. in order to create a tie-back Uner tfiat extends from the 
overiap between the first and second casings. 1004 and 1006, an apparatus 11 00 is 
preferably provided tiiat includes an expandable mandrel or pig 1 105, a tubular 
20 member 1 1 lO.ashoe 1 1 15. one or more cup seals 11 20. a fluid passage 1 ISO.afluid 

passage "35, one or more fluid passages 11 40, seals 11 45. and a support member 
1150. 

•nie expandable mandrel or pig 1 105 is coupled to and supported by the 
support member 1 150. The expandable mandrel 1 105 is preferably adapted to 

25 controllably expand in a radial direction. TTie expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance witfi ttie teachings of tiie present disclosure. In 
a preferred embodiment, ttie expandable mandrel 1105 comprises a hydraulic 
expansion tool substantially as disclosed in U.S. PaL No. 5.348.095. tiie disclosure 

30 of which is incorporated herein by reference, modified in accordance w^tfi ttie 
teachings of ttie present disclosure. 



The tubular member 1 1 10 Is cixupldd to ihd:sdpp<it4d.bf the expandable 
( mandrel 1 105. The tubular member 1 1 05 Is expanded in the radial direction and 

extnided off of the expandable mandrel 1 105. The tubular member 1 1 10 may be 
fabricated from any number of materials such as, for example. Oilfield Countiy Tubular 
Goods, 13 chromium tubing or plastic piping. In a preferred embodiment, the tubular 
member 1 1 1 0 is fabricated from Oilfield Countiy Tubular Goods. 

The inner and outer diameters of the tubular member 1110 may range, for 
example, from approximately 1.905 to 1 19.38 cms C0.75 to 47 inches) and 2.667 to 121.92 
cms (1.05 to 48 Inches), respectively. In a preferred embodiment, the inner and outer 
diameters of the tubular member 1110 range from about 7.62 to 39.37 cms (3 to 15.5 
inches) and 8.89 to 40.64 cms (3.5 to 16 Inches), respectively in order to optimally 
provide coverage for tspical oilfield casing sizes. The tubular member 1 1 10 preferably 
comprises a solid member. 

In a prefened embodiment, the upper end portion of the tubular member 1 1 10 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 1 105 when 
It completes the extrusion of tubular member 1 1 10. In a preferred embodiment, the 
length of the tubular member 11 1 0 is limited to minimize the possibility of budding. For 
typical tubular member 1 1 10 materials, the length of the tubular member 1 1 10 is 
preferably limited to between about 12.192 to 6.096m (40 to 20,000 feet) in length. 

The shoe 1 1 15 is coupledjto the expandable mandrel 1 105 and the tubular 
member 1 1 10. The shoe 1 1 15 includes the fluid passage 1 135. The shoe 1 1 15 may 
comprise any number of conventional commercially avaUable shoes such as, for 
example. Super Seal II float shoe, Super Seal II Down-Jet float shoe or a guide shoe with 
a sealing sleeve fora latch down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the shoe 1 1 15 comprises an aluminum 
dovm-iet guide shoe with a sealing sleeve for a latch-down plug with side ports radiating 
off of the exit flow port available from Halliburton Energy Services in Dallas, IX. modified 
in accordance with the teachings of the present disclosure, in order to optimally guide 
the tubular member 1 1 00 to the overtap between the tubular member 1 100 and the 
casing 1012, optimally fluidicly isolate the interior of the tubular member 1 100 after the 
latch down phig has seated, and optinially permit drilling out of the shoe 1115 after 
completion of the expansion and cementing operations. 

In a preferred embodiment, the shoe 1 1 15 includes one or more side 
outlet ports 1 140 in fhiidic communication with the fluid passage 1 135. In this 
manner, 
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f theshoe lllSiiyectshardenablefluidicsttiMAgmate^ 

shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
_ includes one or more of the fluid passages 1 140 each having an inlet geometry that 
can receive a dart and/or a baU sealing member. In this manner, the fluid passages 
5 1 140 can be sealed ofi-by introducing a plug, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1 120 is coupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign matoials flrom entezing the interior region of 
thetubularmemberlll0a<«acenttothee]q>andablemandrelll05. Thecupseal 
10 1120 comprise any number of conventional commerdaUy available cup seals 
such as. for example. TP cups or Selective Ii^ection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup. available from Halliburton 

Energy Services in Dallas, TX in order to optimallyprovideabarrier to debris and 
15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
supportmemberH60andthee^)andablemandrelll05. The fluid passage 1130 
20 preferably extends from a position a4}aeent to the surikce to the bottom of the 
expandable mandrel 1106. The fluid passage 1180 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 1 1356.2355 litresAninute (0 to 3,000 gallons/minute) 

25 and 0 to 620.52813 bar (0 to 9,000 psi) in order to optimally provide sufficient operating 
pressures to circulate fluids at operational efficicait rates. 

The fluidpassagell35permitsfluidicniaterialstobe transmitted fromfluid 
passage 1130 to the interior of the tubular member 1110 bebw the mandrel 1105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
^communication with the interior region of the tubular member 1110 below the 

i6 
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^ expandable mandreUl05. The fluid T^sages 11 W prefer^ly have a cross- 
sectional shape thatpennitsaplug, or otfier similar device, to be pl^ 
passages 1140 to thereby block fiirther passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
6 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
memberll05. This permits the interior region ofthe tubular member 11 10 below 
the expandable mandrel 1 105 to be pressurized. 

The fluid passages 1140 are preferablypositionedalongtheperipheiy ofthe 
shoe 1115. The fluid passages 1140 are preferably selected to conv^ materials 

10 s^<*ascement.drillingmudorqjoxie8atflowratesandpre6suresrangingfrom 
about 0 to 1 1356.2355 Ulres/minute (0 to 3.000 gaUonsAninute) and 0 to 62.52813 bar (0 
to 9.000 psi) in order to optimally fill the annular region between the tubular member 
U 10 and the tubular liner 1008 with fluidic materials. In a preferred embodiment, the 
fluid passages 1 140 include an inlet geometry that can receive a dart and/or a ball sealing 
member. I» this manner, the fluid passages 1 140 can be sealed off by introducing a plug, 
dart and/or baU sealing elements into the fluid passage 1 130. In a pieferred embodiment, 
the apparatus 1 100 includes a plurality of fluid passage 1 140. 

In an altemativB embodiment, the base of the shoe 1115 inehides a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 

20 wotheraimilardeWce,toperxnittheinteriorregionofthetubularmemberniO 
to be fluididy isohited from the exterior ofthe tubular member 1110. 

. ThesealslMSareooupledtoandsuppori^dbyalowerend portion ofthe 
tubular member 1110. The seals 1146 are flirther positioned on an outer surface 
ofthe lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlapping joint between the upper end portion of the casing 1012 and the lower 
end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1146 may comprise any number of conventional commerdally 
available seals such as. for example, lead. nU,ber. Teflon™ or epoxy seals modified 
in accordance with the teachings of tiie present disclosure. In a preferred 

30 eiabodiment,the8eal8U46compri8e8ealsmoldedfromStratalockepoxyavailable 
from Halliburton Energy Services in Dallas. TX in order to optimaUy provide a 



^ hydraiilic seal in the overlappingjoint atiffoptixnally provide foadcanying capacity 
to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
a sufficient frictional force to support the expanded tubular member 1110 from the 
5 tubular liner 1008. In a preferred embodiment, the frictional force provided by the 
seals 1 145 ranges from about 68.94757 to 68, 947.57 bar (1,000 to 1,000, 000 Ibf) in tension and 
coxnin^ession in order to optimally support the e;q>anded tubular member 1110. 

The support member 1150 is coupled to the ejq>andable mandrel 1105, 
tubular member 1110, shoe 1116, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to caizy the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional oentralizers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 
15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any mmiber of conventional commercially available lubricants such as, 
for example Lubriplate™, chlorine based lubricants or Climax 1500 Antisieze (3100). 
20 In a preferred embodiment, the lubricant 1160 comprises Climax 1500 Antiseize 
(3100) available from Climax Lubricants and Equipment Co. in Houston, T3C in 
order to optimal^ provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1 150 is thoroughly cleaned 
prior to assembly to the remaining portions of the t^paratus 1100. In this 
25 manner,theintrodiictionofforeignnMterialintotheapparatusllOOisniinii^ 
This minimizes the possibility of foreign niiaterial clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
30 packer 1155 coupled to the bottom section of the shoe 1115 for fluidicly isolating 
the region of the wellbore 1000 below the £^paratus 1100. In this manner, fluidic 
_ materials are prevented from entering the region of the wellbore 1000 below the 



apparatus 1 100. The packer 1 155 may comprise any number of conventional 
commercially available packers such as, for example, EZ DriU Packer, EZ SV 
Packer or a drillable cement retainer. In a prefenred embodiment, the packer 
1 1 55 comprises an EZ Drill Packer available from Halliburton Energy Services in 
Dallas, IX In an altemath^ embodiment, a high gel strength pill may be set 
betow the tie-back in place of the packer 1 155. In another alternative 
embodiment, the packer 1 155 may be omitted. 

In a preferred embodiment, before or afler positioning the apparatus 1 100 
within the wellbore 1 100, a couple of wellbore volumes are circulated in order to 
ensure that no foreign materials are located within the wellbore 1000 that might 
clog up the various flow passages and va^es of the apparatus 1 100 and to ensure 
that no foreign material interferes with the operation of ttie expanston mandrel 
1105. 

As Illustrated in Fig. lOc, a hardenable fluidic sealing material 1 160 is ttien 
pumped from a surfiace location into the fluid passage 1 130. The material 1 160 
ttien passes from tiie fluid passage 1 1 30 into tiie Interior region of ttie tubular 
member,! 1 10 below the expandable mandrel 1 105. The material 1 160 then 
passes from ttie Interior region of the tubular member 1 1 10 into ttie fluid 
passages 1 140. The material 1 160 ttien exits tfie apparatus 1 100 and fills tfie 
annular region between ttie exterior of ttie tubular member 1 1 10 and tiie interior 
wall of tfie tubular liner 1 008. Continued pumping of tfie material 1 160 causes 
tiie material 1 1 60 to fill up at least a portion of ttie annular region. 

The material 1 160 may be pumped Into tfie annular regioii at pressures 
and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5,000 psi) 
and 0 to 5678. 1 1 77 Htres/hiinule (0 to 1 ,500 gallonsAnin), respectively. In a 
preferred embodiment, ttie material 11 60 is pumped into ttie annular region at 
pressures and flow rates specifically designed for ttie casing sizes being mn, ttie 
annular spaces being filled, ttie pumping equipment available, and ttie properties 
of ttie fluid being pumped. The optimum flow rates and pressures are preferably 
calculated using conventional empirical methods. 



The hardenable fluidic sealing material 1 160 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mfac, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1160 comprises blended cements specifically 
5 designed for well section being lied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1 1 10 while maintaining optimum flow characteristics so as to minimize 
operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably detennined using 
10 conventional empirical methods. 

The annular region may be filled vAth the material 1160 in sufficient 
quantities to ensure ttial, upon radial expansion of ttie tubular member 1 1 10, ttie 
annular region will be filled with material 1 1 60. 

As illustrated in Fig. 1 Od, once the annular region has been adequately filled 
1 5 with material 1 1 60, one or more plugs 1 1 65, or ottier similar devices, preferably are 
inti-oduced into the fluid passages 1 1 40 thereby fluidicly isolating [he interior region 
of the tubularmember 1 1 10 from ttie annular region external to tiie tubular member 
1110. In a preferred embodiment, a non hardenable fluidic material 1 161 is tiien 
pumped into the interior region of the tubular member 1 1 10 below ttie mandrel 
20 1105 causing ttie interior region to pressurize. In a particulariy preferred 
embodiment, ttie one or more plugs 1 1 65, or ottier similar devices, are introduced 
into ttie fluid passage 1 140 witti the introduction of ttie non hardenable fluidic 
material. In ttiis manner, ttie amount of hardenable fluidic material wittiin ttie 
interior of ttie tubular member II 10 is minimized. 
25 As illustirated in Fig. lOe, once the interior region becomes sufficiently 
pressurized, ttie tubular member 1 1 10 is extiuded off of ttie expandable mandrel 
1 105. During ttie extrusion process, ttie expandable mandrel 1 105 is raised out of 
ttie expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into ttie fluid passages 1140 by 
30 intiwludng tfie plugs 1 165 into ttie fluid passage 1 130 at a surface location in a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example. 



brass baBs, plugs, rubber balls, or darts r^g<^hd Iri kbda^danietwidi the teachings of the 
present disclosure. 

In a preferred embodiment, the plugs 1 165 comprise low density nibber balls. In 
an alternative embodiment, for a shoe 1 105 having a common central inlet passage, the 
plugs 1 165 comprise a single latch down dart 

After placement of the plugs 1 165 In the fluid passages 1 140, the non hardenable 
fluidic material 1 161 is preferably pumped Into the Interior region of the tubular member 
1 1 10 below the mandrel 1 105 at pressures and flow rates ranging from approximately 
34.473 to 620.52813bar (500 to 9,000 psi) and 151.4164 to 113,562.355 Btres/ininute (40 to 
30,000 gaUons/hiin). In a preferred embodiment, after placement of the plugs 1 165 in 
the fluid passages 1 140, the non hardenable fluidic material 1 161 is preferably pumped 
into the interior region of the tubular member 1 1 10 below the mandrel 1 105 at pressures 
and flow rates ranging from approximately 82.737 to 586.0543 bar (1 200 to 8500 psi) and 
151.4164 to 4731.7648 litres/minute (40 to 1250 gaBons/mln) in order to optimally provide 
extrusion of typical tubulars. 

For typical tubular members 1 1 10, the extnjsion of the tubular member 
1 110 off of the expandable mandrel 1 1 05 wiU begin when the pressure of the 
interior region of the tubular member 1110 below the mandrel 1 105 reaches, for 
example, approximately 82.737 to 586.0543 bar (1200 to 8500 psi). In a preferred 
embodiment, the extmslon of the tubular member 1 1 10 off of the expandable 
mandrel 1 105 begins when the pressure of the Interior region of the tubular 
member 1110 below the mandrel 1 105 reaches approximately 82.737 to 586.0543 
bar (1200 to 8500 psi). 

During the extnision process, the expandable mandrel 1 105 may be raised 
out of the expanded portion of the tubular member 1 1 10 at rates ranging, for 
example, from about 0 to 1 .524 m/s (0 to 5 n/sec). In a preferred embodiment, 
during the extnjsion process, the expandable mandrel 1105 Is raised out of the 
expanded portion of the tubular member 1 110 at rates ranging from about 0 to 
0.6096 m/s (0 to 2 n/sec) in order to optimally provide peimit adjustment of 
operational parameters, and optimally ensure that the extrusion process will be 
completed before the material 1 160 cures. 

In a preferred embodiment, at least a portion 1 180 of the tubular member 1110 
has an intemal diameter less than the outside diameter of the mandrel 1 105, In this 
manner, v/hen the mandrel 1 105 e;q>ands the section 1180 of the tubular member 1 1 10. 
at least a portion of the expanded section 1 180 effects a seal with at 



least the wellbore casing 1012. In a fiefferred einljoaiminV ttife seal is effected 
by compressing the seals 1016 between the expanded section II 80 and the 
weUbore casing 1012. In a prefened embodiment, the contact pressure of the 
joint between the expanded section 1 180 of the tubular member 1 1 10 and the 
casing 1012 ranges fiDm about 34.473785 to 689.6757 bar (500 to 10,000 psi) in 
order to optimally provide pressure to activate the sealing members 1 145 and 
provide optimal resistance to ensure tiiat ttie joint will wittistand typical extremes 
of tensile and conq>ressive loads. 

In an alternative prefened embodiment, substantially all of the entire 
lengtfi of ttie tubular member 1 1 10 has an internal diameter less tfian the outside 
diameter of the mandrel 1105. In tills manner, extrusion of ttie tubular member 
1 1 1 0 by tiie mandrel 1 1 05 results in contact between substantially all of tiie 
expanded tubular member 11 1 0 and tfie existing casing 1008. In a preferred 
embodiment, Uie contact pressure of ttie joint between Uie expanded tubular 
member 1 1 10 and ttie casings 1008 and 1012 ranges from about 34.473785 to 
689.6757 bar (500 to 10,000 psi) in order to optimally provide pressure to activate 
ttie sealing members 1 145 and provide optimal resistance to ensure ttiat ttie joint 
wm wittistand ^ical extiemes of tensile and compresswe loads. 

In a prefened embodiment, ttie operating pressure and flow rate of ttie 
material 1 161 is controliably ramped down when tfie expandable mandrel 1 1 05 
reachesttieupperendpprtionofttietubularmemberlllO. In ttiis manner, ttie 
sudden release of pressure caused by ttie complete extmsion of ttie tubular 
member 1 1 10 off of ttie expandable mandrel 1 105 can be minimized. In a 
prefened embodiment, ttie operating pressure of tfie fluidic material 1 161 is 
reduced in a substantially linear fashion from 100% to about 10% during ttie end 
of ttie extmsion process beginning when ttie mandrel 1 105 has completed 
approximately aU but about 1 .524m (5 feet) of ttie extmsion process. 

Alternatively, or In combination, a shock absorber is provided in Uie 
support member 1 150 In order to absorb tfie shock caused by ttie sudden release 
of pressure. 
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Alternatively, or in combinaUon, a mandrel catching structure isprovided in 
the upper end portion of the tubular member 1 110 in order to catch or at least 
decelerate the mandrel 1 105. 

Referring to Fig. lOf, once the extrusion process is completed, the 
5 expandable mandrel 1105 is removed from the weUbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1 1 05, 
the integrity of the fluidic seal of the joint between the upper portion of the tubular 
member 1110 and the upper portion of the tubular liner 1 108 is tested using 
conventional methods. If the fluidic seal of the joint between the upper portion of 
10 the tubular member 1110 and Oie upper portion of the tubular liner 1008 is 
satisfactory, Uien the uncured portion of tfie material 1 160 within Uie expanded 
tubularmember 1 1 lOis tiien removed in a conventional manner. The material 1160 
wiUiin the annular region between tiie tubular member 1 1 1 0 and the tubular liner 
1008 is then allowed to cure. 

15 As illustrated in Fig. lOf.preferablyanyremaining cured material 1 IGOwithin 

the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drill string. The resulting tie-back liner 
of casing 1 1 70 includes the expanded tubular member 1 1 10 and an outer annular 
layer 11 75 of cured material 1 1 60. 

20 AsiUustratedinFig. 1 Og.ttie remaining bottom portion of Uie apparatus 1100 

comprising tiie shoe 1 1 15 and packer 1 155 is ttien preferably removed by drilling 
out tile shoe 1115 and packer 1 155 using conventional driUing methods. 

In a particulariy preferred embodiment. Uie apparatus 1 1 00 Incorporates tiie 
apparatus 900. 

25 RefeningnowtoFigs. na-llf.anembodimentofanapparatusandmetfiod 

for hanging a tubular Uner off of an existing wellbore casing will now be described. 
As illustrated in Fig. 1 la, a wellbore 1200 is positioned in a subterranean formation 
1205. The weUbore 1200 includes an existing cased section 1210 having a tubular 
casing 1 2 1 5 and an annular outer layer of cement 1 220. 

30 In order to extend Uie wellbore 1200 into tfie subterranean formation 1205. 

a drill string 1225 Is used in a weU known manner to drill out material from ttie 
subterranean formation 1205 to form a new section 1230. 



As iUustrated in Fig. lib. an app^afus 130D ii^f fori9ing.*a wellbore casing 
in a subtenanean fonnation is then positioned in the new section 1 230 of the 
wellbore 100. The apparatus 1300 preferably includes an expandable mandrel or 
pig 1305, a tubularmember 1310, a shoe 1315, a fluid passage 1320, a fluid 
passage 1330, a fluid passage 1335, seals 1340, a support member 1345, and a 
wiper phig 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1345. TTie expandable mandrel 1305 Is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any number 
of conventional commercially available expandable mandrels modified in accordance 
with tfie teachings of tiie present disclosure. In a preferred embodiment, tiie 
expandable mandrel 1305 comprises a hydraulic expansion tool substantially as 
disclosed in VS. Pat No. 5,348.095, the disclosure of which is incorporated herein by 
reference, modified In accordance with the teachings of ttie present disclosure. 

The tubular member 1310 is coupled to and supported by the oqiandable 
mandrel 1305. The tubular member 1310 is piefeiably expanded in the ladiai 
direction and extmded off of the expandable mandrel 1305. The Uibular member 
1310 may be fabricated from any number of materials such as, for example, 
Oilfield Cbuntiy Tubular Goods (OCTG), 13 chromfaim steel tubing/casing or 
plastic casing. In a preferred embodiment, the tubular member 1310 Is 
fabricated from OCTG. The inner and outer diameters of the hibular member 
1310 may range, for example, from approximately 1.905 to 1 19.38 cms (0.75 to 47 
inches) and 2.667 to 121.92 cms (1.05 to 48 inches), respecth^ely. Inaprefened 
embodiment, the inner and outer diameters of the tubularmember 1310 range 
from about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 
inches), respectively in order to optimally provide minimal telescoping effect In 
the most commonly encountered wellbore sizes. 

In apreferred embodiment, tfie tubularmember 1310 includes an upper portion 
1355,anintermediateportlonl360,andalowerportionl365. Inaprefeired 
embodiment, tiie waO thickness and outer diameter of the upper portion 1 355 of the 
tubularmember ISlOiange from aboutO.375 to 3.81 mto 1 i4 inches) and 8.89 to 40.64 
cms (3 V4 to 16 inches), respectively. In a preferred embodiment, tiie wall ttiickness 
and outer diameter of tiie intermediate portion 1360 of tfie tubular member 1310 range 
from al>out 



53 



1.5825 to L905 cms (0.625 to 075 inchcsr) and 7.6^ t6*48.26t:ms*(3 to 19 inches), 
respectively. In a prefened embodiment, the wall thickness and outer diameter 
of the lower portion 1365 of the tubular member 1310 range from about 0.375 to 
3.81 cms (3/8 to 1.5 inches) and 8.89 to 40.64 (3.5 to 16 inches), respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimally faciliate the initiation of the extmsion process 
and optimally pemnit the placement of the apparatus in areas of the weilbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
preferred embodiment, the upper end portion 1355 of the tubular member 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
the tubular member 1310 is preferably limited to between about 12.192 to 6,096 
m (40 to 20,000 feet) in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 
Siq>er Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe vAth a 
sealing sleeve for a latch-down plug modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the shoe 1315 comprises 
an aluminum dovm-jet guide shoe with a sealing sleeve for a latch-down plug 
available from Halliburton Energy Services in Dallas, TX, modified in accordance 
with the teachings of the [»esent disclosure, In order to optimally guide the 
tubular member 1310 into the weilbore 1200, optimally fluidicly isolate the 
interior of the tubular member 1310, and optimally permit the complete drill out 
of the shoe 1315 upon the completion of the extrusion and cementing 
operations. 

In a preferred embodiment, the shoe 1315 further includes one or more 
side outlet ports in fluidlc communication with the fluid passage 1330. In this 
manner, the shoe 1315 preferably injects hardenable fluidlc sealing materia] into 



the region outside the shoe 1315 and tubular memW l^l6. 'hi a preferred 
embodiment, the shoe 1315 includes the Ouid passage 1330 having an inlet 
geometiy that can recehre a fluidic sealing member. In this manner, the fluid 
passage 1330 can be sealed off by introducing a plug, dart and/or ball sealing 
elements into the fluid passage 1330. 

The fluid passage 1320 permits fluidic materials to be transported to and from the 
interior region of the tubular member 1310 below the expandable mandrel 1305. The 
fluid passage 1320 is coupled to and positioned within the support member 1345 and the 
expandable mandrel 1305. The fluid passage 1320 preferably extends from a position 
adjacent to the surface to the bottom of the expandable mandrel 1305. The fluid 
passage 1320 is preferably positioned along a centeriine of the apparatus 1300. The fluid 
passage 1320 is preferably selected to transport materials such as cement, drilling mud, 
or epoxies at flow rates and pressures ranging from about 0 to 1 1356.2355 litres/minute 
(0 to 3,000 gallons^ninute) and 0 to 620.5281 3 bar (0 to 9,000 psi) in order to optimally 
provide sufficient operating pressures to circulate fluids at operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 131 5 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 
the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or otiier similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In this 
manner, tiie interior region 1370 of the tubular member 1310 below the 
ejqpandable mandrel 1305 can be fluidicly isolated from the region exterior to the 
tubular member 1310. This permits the interior region 1370 of the tubular 
member 1310 below the expandable mandrel 1305 to be pressurized. The fluid 
passage 1330 is preferably positioned substantially along the centeriine of the 
apparatus 1300. 

The fluid passage 1 330 is preferably selected to convey materials such as cement, 
drilling mud or epoxies at flow rates and pressures ranging from about 0 to 1 1356.2355 
Utres/minute (0 to 3,000 gaDonsAninute) and 0 to 620.52813 bar (0 to 9,000 psl) in order to 
optimally fill the annular region between the tubular member 1310 and the new section 
1230 of ttie wellbore 1200 with fluidic materials. In a preferred embodiment, the fluid 
passage 1330 
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includes an inlet geometiy tliat can reeeWe a dart aiid/orti ball sealing member. 
In this manner, the fluid passage 1330 can be sealed off by introducing a pli^, 
dait and/or bail sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and from the 
region exterior to the tubular member 1310 and shoe 1315. The fluid passage 1335 is 
coupled to and positioned within the shoe 1315 in fluidic communication with the fluid 
passage 1330. The fluid passage 1335 is preferably positioned substantially along the 
centerline of the apparatus 1300. The fluid passage 1335 is preferably selected to convey 
materials such as cement, drilling mud or epoxies at flow rates and pressures ranging 
from about 0 to 1 1356.2355 litres/minute (0 to 3,000 gaDons/minute) and 0 to 620.52813 
bar (0 to 9,000 psi) in order to optimally fill the annular region between the tubular 
member 1310 and the new section 1230 of the weDbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 
1 355 of the tubular member 1310. Hie seals 1 340 are further positioned on an 
outer surface of the upper end portion 1355 of the hibular member 1310. The 
seals 1 340 permit the oveiteq>ping Joint between the lower end portion of the 
casing 1215 and the upper portion 1355 of the tubular member 1310 to be 
fluidicly sealed. The seals 1340 may comprise any number of conventional 
commercially available seals such as, for example, lead, rubber. Teflon™, or 
epoxy seals modified in accordance with the teachings of the present disclosure. 
In a preferred embodiment, the seals 1340 comprise seals molded from 
Stratalock epoxy available from Halliburton Energy Services in Dallas, TX in order 
to optimally provide a hydraulic seal In the annuhis of the overlapping joint while 
also creating optimal load bearing capability to wittistand typical tensile and 
compressh^ loads. 

In a preferred embodiment, the seals 1340 are selected to optimally 
provide a sufficient frictional force to support ttie expanded tubular member 1310 
from the existing casing 1215. In a preferred embodiment, the frictional force 
provided by Uie seals 1340 ranges from about 68.94757 to 68,947.57 bar (1,000 to 
1,000,000 IbO in order to optimalty support the e;q>anded tubular member 1310. 

The support member 1345 is cmipled to the ejq>andable mandrel 1305, tubular 
member 1310. shoe 1315. and seals 1340. The support member 1345 preferably 
comprises an annular member having sufilcient strength to cany tfie apparatus 1300 into 
the new section 1230 of the weDbore 1200. In a preferred 



embodiment, the support member 1 345 further includes one or more conventionsd 
centralizers (not illustrated) to help stabilize the tubular member 1310. 

In a preferred embodiment, the support member 1 345 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1 300. In this manner, 
5 the introduction of foreign material into the apparatus 1300 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages and 
vahres of the apparatus 1300 and to ensure that no foreign material interferes with 
the expansion process. 

Thewiperphjg 1350 is coupled to the mandrel 1305 within the interior region 
10 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid passage 
1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may comprise 
one or more conventional commercialfyavailable wiper plugs such as, for example, 
Multiple Stage Cementer latch-down phigs, Ctoega latch-down plugs or three-wiper 
latch-down plug modified in accordance with the teachings of the present 
15 disclosure. In a prefenred embodiment, the wiper phig 1 350 comprises a Multiple 
Stage Cementer latch-down plug available from Halliburton Energy Services in 
Dallas, TX modified in a conventional manner for releascible attachment to the 
expansion mandrel 1305. 

In a prefened embodiment, before or after positioning the apparatus 1300 
20 within the new section 1230 of the wellbore 1 200, a couple of wellboie volumes are 
circulated In order to ensure that no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and vahres of the 
apparatus 1300 and to ensure that no foreign material interferes with the extrusion 
process. 

25 As illustrated In Fig. I Ic, a hardenable fluidic sealing material 1380 is then 
pumped from a surface location into the fluid passage 1 320. The material 1 380 then 
passes from the fluid passage 1320, through the fluid passage 1375, and into the 
interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305. The material 1380 then passes from the interior region 1370 into the fluid 

30 passage 1330. Thematerial 1380 then exits the apparatus 1300 via the fhild passage 
1335 and fills the annular region 1390 between the exterior of the tubular member 
I310andtheinteriorwallofthenewsectionl230ofthewellbore 1200. Continued 
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pumpii^ of the material 1380 cause^Hie'inaterial iS80 tolill ilp at least a portion 
of the annular region 1390. 

The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 344.73785 bar (0 
to 5000 psi) and 0 to 5678. 1 1 77 litres/minute (0 to 1,500 gallons/min), 
respectivefy. In a preferred embodiment, the material 1380 is pumped into the 
annular region 1390 at pressures and flow rates ranging from about 0 to 
344.73875 bar (0 to 5000 psi) and 0 to 5678.1 177 Utres/minute (0 to 1,500 
gaUonsAnin), respecth^, in onter to optimally fin ttie annular region between 
the tubular member 1310 and the new section 1230 of the wellbore 1200 with the 
hardenable fluidic seafing material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 
conventional conunerdally available hardenable fluidic sealing materials such 
as, for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 
specifically for the well section being drilled and available from Halliburton 
Energy Services in order to optimally provide support for the tubular member 
1310 during displacement of the material 1 380 in the annular region 1 390. The 
optimum blend of the cement is preferably determined using conventional 
empirical methods. 

The annular region 1 390 preferably is filled with the material 1 380 in 
sufficient quantities to ensure fliat, upon radial expansion of the tubular member 
1310, the annular region 1390 of the new section 1230 of the wellbore 1200 will 
be filled with material 1380. 

As illustrated in Fig. 1 Id, once the annular region 1390 has been 
adequately filled with material 1380, a wiper dart 1395, or other similar device, is 
introduced into the fluid passage 1320. The wiper dait 1395 is preferably pumped 
tiirough the fluid pass£«e 1320 l^a non hardenable fluidic material 1381. The 
wiper dart 1 395 then preferably engages the wiper phig 1 350. 

As illustrated in Fig. 1 le. in a preferred embodiment, engagement of die 
wiper dart 1395 with the wiper plug 1350 causes the vwper plug 1 350 to decouple 
from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 tiien preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow tiirough ttie fhiid 



. passage ;ddO» and fluidicfy isolating thlTlnterior region 13*70 of the tubular 
member 1310 from tiie annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1346. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surfiace location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercial^ available devices from plugging a fluid passage such as, 
for example, Multiple Stage Cementer latch-down plugs. Omega latch-down plugs 
or three wiper latch-down plu^dart modified in accordance with the teachings of 
15 the present disclosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wiper latch-down phig modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, &om 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678.1 177 Ufres/minute (0 to 
1500 gaUons/xnin) in order to optimally extrude the tubular member 13 1 0 oflf of the 
mandrel 1305. In tUs manner, the amount of hardenable fluidic material within the 
2g interior of the tubular member 13 10 is minimized. 

In a preferred embodiment, after blocking the fluid passage 1330, the mm haidenable 
fluidic material 1381 is preferably pumped into the interior region 1370 at pressures and flow 
rates ranging fiom appraximately 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 
11356.2355 Utres^mnute (40 to 3,000 gallons/min) in order to optimally provide operating 
pressures to maintain the expansion process at rates sufiScient to permit adjustments to be made 
30 in operating parameters during die extnisioni»ocess. 
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For typical tubular members 1310. thfe eiftr(islori h\ ifieiubulai member 1310 off of the 
expandable mandrel 1305 will begin when the pressure of the interior region 1370 reaches, for 
example, approximately 34.473 to 620.52813 bar (500 to 9.000 psi). In a prefenred embodiment, 
the extrusion of the tubular member 1310 off of the expandable mandrel 1305 is a function of the 
tubular member diameter, wall thickness of the tubular member, geometry of the mandrel, the 
type of lubricant, the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and qperating pressures are preferably determined 
using conventional empirical methods. 

During the extrusion process, the expandable mandrel 1305 may be raised out of 
the expanded portion of the tubular member 1310 at rates ranging, for example, from 
about 0 to 1.524 m/s (0 to S ft/sec). In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1305 may l>e raised out of the expanded portion of the 
tubular member 1310 at rates ranging from about 0 to 0.6096m (0 to 2 ft/sec) in order to 
optimaUy provide an efficient process, optimally permit operator adjustment of operation 
parameters, and ensure optimal completion of the extrusion process before curing of 
the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extmded off of 
the expandable mandrel 1305, the outer surface of the upper end portion 1355 of the 
tubular member 1310 will preferably contact the Interior surface of the lower end portion 
of the casing 1215 to form an fluid tight overlapping joint. The contact pressure of the 
overlapping joint may range, for example, from approximately 3.447379 to 1,278.9514 bar 
(50 to 20,000 psi). In a preferred embodiment, the contact pressure of the overlapping 
joint ranges from approximately 27.579028 to 689.4757 l)ar (400 to 10,000 psi) in order to 
optimally provide contact pressure sufficient to ensure armular sealing and provide 
enough resistance to withstand typical tensile and compressive loads. In a ];>articularly 
preferred embodiment, the sealing members 1340 will ensure an adequate fluidic and 
gaseous seal in the overiapping joint. 

In a prefenred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material 1381 is controUably ranq)ed down when the expandable 
mandrel 1305 reaches the upper end portion 1355 of the tubular member 1310. In this 
maimer, the sudden release of pressure caused by the complete extrusion of the tubular 
member 1310 off of the expandable mandrel 1305 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion ftom 
100% to about 10% during the end of the extrusion process begirming when the mandrel 
1305 has completed approximately all but about 1.524 m (5 feet) of the extrusion process 



Altemativeiy, or in combinati(9i, a^shoclt aB^oiber.fs pmvided in the 
support member 1345 in order to absoib the shocic caused by the sudden release 
of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
in the upper end portion 1355 of the tubular member 1310 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extmsion process is completed, the expandable mandrel 1 305 is 
removed from the wellbore 1200. In a preferred embodiment, either before or 
after the removal of the e^q^andable mandrel 1305, the integrity of the fluidic seal 
of the overlapping joint between the upper portion 1355 of the tubular member 
1310 and the lower portion of the casing 1215 is tested using conventional 
methods. If the fluIdlc seal of the overlapping joint between the upper portion 
1355 of the tubular meml)er 1310 and the lower portion of the casing 1215 is 
satisfactory, then die uncured portion of the material 1380 within the expanded 
tubular member 1310 is then removed in a conventional manner The material 
1380 within the annular region 1390 is then allowed to cure. 

As illustrated in Fig. 1 If, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The l>ottom portion of tiie apparatus 1300 
comprising tfie shoe 1315 may ttien be removed by drilling out tiie shoe 1315 
using conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
formation has been descril>ed that includes installing a tubular liner and a 
mandrel in tfie borehole. A body of fluidic material is then Injected into tfie 
borehole. The tubular liner is ttien radially expanded by extruding tiie liner off of 
the mandrel. The injecting preferably includes injecting a hardenable fluidic 
sealing material into an annular region located between the borehole and the 
exterior of the tubular liner; and a non hardenable fluidic material into an interior 
region of the tubular liner 
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below the mandiel. The method pi^feiably includes flufdicfy isolating the 
annular region from the interior region before injecting the second quantity of the 
non hardenable sealing material into the interior region. The injecting the 
hardenable fluidic sealing material is preferably provided at operating pressures 
and flow rates ranging from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 
567.1 177 litres/minute (0 to 1,500 gallons/min). The injecting of the non 
hardenable fluidic material is preferably provided at operating pressures and flow 
rates ranging from about 34.473 to 620.52813 bar (500 to 9000 psi) and 151.4164 
to 1 1356.2355 Btres/minute (40 to 3,000 gallons/inin). The injecting of the non 
hardenable fluidic material Is preferably provided at reduced operating pressures 
and flow rates during an end portion of the extnidlng. The non hardenable 
fluidic material is preferably injected below the mandrel. The method preferably 
includes pressurizing a region of the hibular liner below the mandrel. The region 
of the tubular liner below the mandrel is preferably pressurized to pressures 
ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi). The method 
preferably includes fluidicly isolating an interior region of the tubular Hner from 
an exterior region of tiie tubular Uner. The method further preferably includes 
curing tiie hardenable sealing material, and removing at least a portion of the 
cured sealing material located witiiin die tubular liner. The method further 
preferably includes overtapping the tubular liner with an existing wellbore casing. 
The meUiod further preferably includes sealing the overia^i between the tubular 
liner and tiie existing wellbore casing. The mettiod further preferably includes 
supporting the extruded tubular liner using ttie overiap with the existing welllx)re 
casing. The metiiod further preferably includes testing the int^rity of tiie seal in 
the overly between the tubular liner and the existing wellbore casing. The 
metiiod further preferably includes removir^ at least a portion of tiie hardenable 
fluidic sealing material witiiin tiie tubular liner before curing. The metiiod furtiier 
preferably includes lubricating tiie surface of ttie mandrel. The mettiod further 
preferably includes absorbing shock. The metiiod further preferably inchides 
catching the mandrel upon the completion of the extruding. 



^ An apparatus for creating a casin^^'ih a borehole located in a subterranean 

formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 
6 The tubular member is coupled to the mandrel. The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably fUrther includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member flirther prrferably includes a shock 
10 absorber. The support monberpreferably includes one or more sealing members 
adapted to prevent foreign matoial firom entering an interior i^on of tiie tubular 
member. The mandrd is preferably e^andable. The tubular member is 
preferably fabricated firom materials selected fiwm the group consisting of Oilfield 
Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 

15 tubular member preferrf)ly has inner and outer diameters ranging from about 7.62 to '39.37 cms (3 to 15.5 
inches) and 8.89 to 40-.64 cms (3.5 to 16 inches), respectively. The tubular member preferably has a plastic 
yield point ranging from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi). The mbular 

member preferably includes one or more sealing members at an end portion. Hie 
tubular member preferab^^ includes one or more pressure relief holes at an end 

20 portion. The tubular member preferably inehides a catching member at an end 
portion for slowing down the mandrel. The shoe preferably inchides an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

Amethodof joiningasecond tubular member to a first tubular member, the 

25 first tubular member having an inner diameter great» than an outer diameter of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member; and extruding the 

0 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular member is preferably provided at operating pressures ranging from about 
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34.473 to 620.52813 bar (500 to 9.000 psi). The prcssB^zinfirof the iM)rtioli of the iiiteribr region of the 

^ second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded first tubiilar member using 
the overlap with the second tubular member. The method further preferably 
includes Ixibricating the surface of the mandrel. The method further preferably 
includes absorbing shock. 

A liner for use in creating a new section of wellbore casing in a subterranean 
10 formation adjacent to an alreacly existing section of wellbore casing has been 
described that includes an pTin^^!|ir member. The f^Twnliir member includes one or 
more sealing members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 annular body of a cured fliudicsealingmaterial. The tubular liner is formed by the 
process of extruding the tubular liner off of a mandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process of injecting a body of hardenable fluidic sealing material into an annular 
region external of the tubular liner. During the pressurizing; the interior portion 
of the tubular liner is preferably fhiididy isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 

to pressures rangixig from about 34.473 to 620.528 1 3 bar (500 to 9,000 psi). The tubular liner preferably 

25 overlaps with an existing wellbore casing. The wellbore casing preferably fiirther 
includes a seal positioned in the overkq) between the tubular liner and the e x is t in g 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an easting section of a wellbore casing within a 

30 borehnle h«fl hem HegffrihpH fhpf iTirliiHpainBteningn tiihulAr linftr and a mandrel 

within the wellbore casing, injecting a body of a fliudic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 



expanding the liner in the borehole by extWdiilg the liner off of the mandrel. In 
^ a preferred embodiment, the fluidic material is selected from the group consisting 
of slag wiiy, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method iiirther includes fluidicly isolating an interior region of the tubular liner 
6 from an exterior region of the tubular liner. In a preferred embodiment, the 
iiyecting of the body of fhiidic material is provided at operating pressures and flow 
rates ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 113562.355 
litres/minutB (40 to 3,000 gallonsAnm). In a preferred cnabodiniBnt, tbe injectiiig of the body of fluidic 
mateiial is provided at reduced operating pressures and flow rates during an end portion of die extruding. 

10 In a preferred embodiment, the £hiidic material is injected below the mandrel. In 
a preferred embodiment, a region of the tubular liner below the mandrel is 
pressarized. In a preferred embodiment, the region of the tubtxlar liner below the 

mandrel is pressurized to pressures ranging from about 34.473 to 62032813 bar (500 to 9.000 psi). In a 
preferred embodiment, the method further inchides overlapping the tubular liner 
15 with the existing wellbore casing. In a preferred embodiment, the method farther 
inchides sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
^ extruded tubular hner using the «»^fflang wellbore casing. In a preferred 
embodiment, the method fiirther includes testmg the integrity of the seal in the 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel. In a preferred embodiment, the method furtiier includes absorbing 
shock. In a preferred embodiment, the method farther indudes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method further includes expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular liner and an Htimiltir bo^y of a cured fluidic sealing 
material. The tubular liner is formed by the process ofextniding the tubtUar liner 
off of a mandrel. The annular body of a cured fluidic sealing material is coupled 
30 to the tubular liner. In apreferredembodiment» the tubular liner is formed by the 
process of pladng the tubular lino: and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 



during the pressurizing, the interior portion of the tubular Uner is fluidicly isolated 
from an exterior portion of the tubular Bner. In a preferred embodiment, the interior 
portion of the tubular liner is pressurized at pressures ranging from about 34.473 to 
620.5281 3 bar (500 to 9,000 psi). In a prefen^d embodiment, the annular body of a 
cured fluidic seaHng material is fomied by the process of injecting a body of 
hardenable fluidic sealing material into an annular region between the existing 
wellboie casing and the tubular liner. In a preferred embodiment, the tubular liner 
overiaps with another existing weilbore casing. In a preferred embodiment, the tie- 
back liner further includes a seal posiUoned in the overiap between the tubular liner 
and the other existing weilbore casing. In a preferred embodiment, tubular liner is 
supported by the overiap with the other existing weilbore casing. 

An appaiahis for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 
support member. The mandrel includes a second fluid passage opeiably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandrel. 
The shoe is coupled to the hibular member. The shoe includes a third fluid passage 
operably coupled to the second fluid passage, an Interior portion, and an exterior 
portioa The Interior portion of the shoe Is drillable. Preferably, the interior portion 
of the mandrel includes a tubular member and a load bearing member. Preferably, 
the load bearing member comprises a drillable body. Preferably, the interior 
portion of the shoe Includes a tubular member, and a load bearing member. 
Preferably, the load bearing member comprises a drillable body. Preferably, the 
' exterior portion of the mandrel comprises an expansion cone. Preferably, the 
expansion cone is fabricated from materials selected from the group consisting of 
tool steel, titanium, and ceramic. Preferably, the expansion cone has a surface 
hardness ranging from about 58 to 62 RockwcU C. Preferably at least a portion of 
the a4>paratus is drillable. 

Although iUustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure: In some instances, some features of the present 
invention may be employed without a corresponding use of the other features. 
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Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 
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CLAIMS 



1. An apparatus, comprising: 
a wellbore; 

5 a first wellbore casing coupled to the wellbore; 

a second wellbore casing coupled to the wellbore 
and overlapping with the first wellbore casing; and 

a tie-back liner coupled to the first and second 
wellbore casings and overlapping with the first and 
10 second wellbore casings: 

wherein the tie-back liner is coupled to the first 
and second wellbore casings by the process of: 

extruding at least a portion of the tie -back liner 
off of a mandrel. 

15 

2. The apparatus of claim 1, wherein the tie-back 
liner is coupled to the first and second wellbore 
casings by the process of: 

placing the tie-back liner and mandrel within the 
20 wellbore; and 

pressurising an interior portion of the tie-back 
liner. 

3. The apparatus of claim 2, wherein during the 
25 pressurising, the interior portion of the tie-back 

liner is fluidicly isolated from an exterior portion of 
the tie -back liner. 

4. The apparatus of claim 2, wherein the interior 
30 portion of the tie-back liner is pressurised at 

pressures ranging from 34.473 to 620.52813 bar (500 to 
9, 000 psi) . 

5. The apparatus of claim 1, further comprising: 
35 an annular body of a cured fluidic sealing 

material positioned within an annulus between the tie- 



back liner and one of the first and second wellbore 
casings; 

wherein the annular body of cured fluidic sealing 
material is formed by the process of: 
5 injecting a body of hardenable fluidic sealing 

material into the annulus between the tie -back liner 
and one of the first and second wellbore casings. 

6. The apparatus of claim 1, further comprising a 
10 seal positioned in the overlap between the tie-back 

liner and the first and second wellbore casings. 

7. An apparatus, comprising: 
a wellbore; 

15 a first wellbore casing coupled to the wellbore; 

a second wellbore casing coupled to the wellbore 
and overlapping with the first wellbore casing; and 

a tie-back liner coupled to the first and second 
wellbore casings and overlapping with the first and 
20 second wellbore casings; 

wherein the tie-back liner is coupled to the first 
and second wellbore casings by the process of: 

radially expanding at least a portion of the tie- 
back liner within the wellbore. 

25 

8. The apparatus of claim 7, wherein the tie-back 
liner is coupled to the first and second wellbore 
casings by the process of: 

placing the tie-back liner and an expansion device 
30 within the wellbore; and 

pressurising an interior portion of the tie -back 
liner. 

9. The apparatus of claim 8, wherein during the 
35 pressurising, the interior portion of the tie-back 
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liner is f luidicly isolated from an exterior portion of 
the tie-back liner. 

10. The apparatus of claim 8, wherein the interior* 
5 portion of the tie-back liner is pressurised at 

pressures ranging from 34,473 to 620, 52813 bar (500 to 
9, 000 psi) . 

11. The apparatus of claim 1, further comprising: 
10 an annular body of a cured fluidic sealing 

material positioned within an annulus between the tie- 
back liner and one of the first and second wellbore 
casings; 

wherein the annular body of cured fluidic sealing 
15 material is formed by the process of : 

injecting a body of hardenable fluidic sealing 
material into the annulus between the tie-back liner 
and one of the first and second wellbore casings. 

20 12. The apparatus of claim 7, further comprising a 
seal positioned in the overlap between the tie-back 
liner and the first and second wellbore casings. 

13. Apparatus substantially as hereinbefore described 
25 with reference to any one of the accompanying drawings. 
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